Study to development process controls for line certification on hybrid microcircuits  Final report by Keister, F.
REPORT NO. P71-59 
CONTRACT NO. NAS8-26380 
FRANK KEISTER, Program Manager 
HUGHES Al  RCRAFT COMPANY 
Microelectronic Technology Department 
Equipment Engineering Divisions 
Culver City, California 90230 
MARCH 3, 1971 
FINAL REPORT 
Prepared for 
GEORGE C. MARSHALL SPACE FLIGHT CENTER 
MARSHALL SPACE FLIGHT CENTER 
ALABAMA 35812 
https://ntrs.nasa.gov/search.jsp?R=19710016429 2020-03-11T20:12:03+00:00Z
REPORT NO. P71-59 
CONTRACT NO. NAS8-26380 
STUDY TO DWELOP PROCESS CONTROLS FOR 
NE CERTIFICATION ON HYBRID MICROCIRCUITS 
FRANK KEISTER, Program Manager 
HUGHES AIRCRAFT COMPANY 
Microelectronic Technology Department 
Equipment Engineering Div is ions 
Culver City, Cali fornia 90230 
MARCH 3, 1971 
FINAL REPORT 
Prepared for 
GEORGE C. MARSHALL SPACE FLIGHT CENTER 
MARSHALL SPACE FLIGHT CENTER 
ALABAMA 35812 
PREFACE 
Objective 
The objective of th i s  study was  to develop documentation fo r  a p r o g r a m  
of Line Certif ication based on p r o c e s s  controls  f o r  producing thin f i lm and 
thick f i lm hybrid mic roc i r cu i t s  f o r  NASA use.  
Scope 
Flow c h a r t s  we re  developed l i s t ing  the bas ic  p r o c e s s  s teps  u sed  to 
produce typical  hybrid mic roc i r cu i t s .  Based on these  flow cha r t s ,  key  p r o -  
-
c e s s  s t eps  we re  se lected a t  which a mic roc i r cu i t  manufac tu re r  no rma l ly  
m a k e s  a measu remen t ,  t e s t ,  o r  inspection to main ta in  p r o c e s s  control  ove r  
h i s  hybrid mic roc i r cu i t  l ine in o r d e r  to achieve a homogeneous end produc t  
with good yield and rel iabil i ty.  These  key p r o c e s s  s teps  a r e  those  which 
should be cer t i f ied  and demons t ra ted  to a NASA Cert i f ica t ion T e a m  a s  
reasonable  a s s u r a n c e  to NASA tha t  the manufac tu re r ' s  l ine  i s  capable  of 
producing acceptable  and consis tent  hybrid mic roc i r cu i t s .  F o r  each  of the 
key p r o c e s s  s teps ,  the manufac ture r  is asked  to identify ce r t a in  f ac to r s ,  
such a s :  type, method,  ma te  r i a l ,  con t ro l s ,  p roce  ss ing  s teps ,  equipment,  
t e s t  methods ,  documentation, inspection,  and quali ty a s s u r a n c e  c r i t e  r i a ,  
The ten key  p r o c e s s  s t eps  se lected were:  
1. Design and Layout 
2. Masks  and S c r e e n s  
3.  P a r t s  and Ma te r i a l s  Control  
4. Subs t ra te  Charac te r iza t ion  
5. Film Pa t t e  rning 
6. Subs t ra te  Sizing 
7. T r imming  
8. P a r t s  Mounting 
9. In terconnect  Bonding 
10. Package  Sealing 
The pa r t i cu l a r  p r o c e s s  s t eps  and specific examples  u sed  in  this Line 
Cer t i f ica t ion document r e p r e s e n t  those  methods,  m a t e r i a l s ,  con t ro l s ,  etc ,  
iii 
cur ren t ly  being used in the Microelect ronic  Technology Depar tment ,  Hughes 
A i r c r a f t  Company, to produce thick f i lm and thin f i lm hybrid m i c r o c i r c u i t s  
for mi l i t a ry  applications. 
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I. GENERAL REQUIREMENTS FOR LINE CERTIFICATION 
OF  HYBRID MICROCIRCUITS 
1.0 IDENTIFICATION OF  HYBRID MICROCIRCUIT TYPE 
Using Table  1, the manufac ture r  sha l l  identify each  type of hybrid m i c r o  - 
c i r cu i t  i n  which he ha s  sufficient  production exper ience to w a r r a n t  a request 
fo r  Line Certif ication.  Table  1 i s  not extensive enough to cover  a l l  possible 
hybrid mic roc i r cu i t  types ,  m a t e r i a l s ,  mounting and bonding p roces se s ,  etc,  
There fore ,  the manufac ture r  should identify, by a wri t ten  s ta tement ,  h i s  
par t i cu la r  hybrid mic roc i r cu i t  type if i t  i s  not included in Table 1. F o r  
example ,  i f  the manufac ture r  deposi ts  th in  f i lm and thick f i lm capac i to rs  
( r a the r  than using capaci tor  chips)  th i s  should be indicated by a s epa ra t e  
s ta tement .  
2.0 PROCESS FLOW CHARTS 
The manufac ture r  sha l l  f u rn i sh  to the  NASA Cert i f ica t ion T e a m  a 
p roces s  flow c h a r t  (or  c h a r t s )  showing the  sequence of operat ions  used to  fab- 
r i c a t e  the  type (o r  types)  o r  hybrid mic roc i r cu i t  to be cert if ied.  The manu- 
f a c t u r e r  sha l l  indicate on th is  flow c h a r t  those  points a t  which a v i sua l  a n d /  
o r  quality con t ro l  inspection takes  place. The flow c h a r t  (o r  c h a r t s )  should 
cover  a l l  pert inent operat ions  f r o m  the in i t ia l  subs t r a t e  p repara t ion  through 
sealing,  test ing,  and de l ivery  of end i tem. In addition, if applicable, the 
manufac ture r  sha l l  fu rn i sh  a flow c h a r t  d iagramming  the  design,  layout, arid 
m a s k  making s teps  which r e s u l t  i n  the  f inal  a r twork ,  schemat ics ,  drawings ,  
s c r e e n s ,  reduced f i l m  o r  g lass  m a s k s ,  and deposition masks .  The following 
flow c h a r t s  i n  Appendix A a r e  typical  examples  of hybrid mic roc i r cu i t  p roces s  
flow cha r t s :  
Exhibit  1. Typical  sequence of events  fo r  making a hybrid design and 
layout resu l t ing  in  a s e t  of manufacturing engineering 
drawings  and the requ i red  1:l working masks .  
Exhibit  2. Flow c h a r t  of typical  thick f i lm  hybrid mic roc i r cu i t  
process ing.  
Exhibit  3. Flow c h a r t  of typical  thin film hybrid  mic roc i r cu i t  
process ing.  
Exhibit  4. Flow c h a r t  of typical  hybrid mic roc i r cu i t  a ssembly ,  
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3 . 0  FAILURE ANALYSIS CAPABILITY 
The manufac ture r  sha l l  demons t ra te  h i s  capabil i ty i n  fa i lu re  analysis  of 
hybrid mic roc i r cu i t s  and identify the  equipment and techniques normal ly  used 
i n  h i s  fa i lu re  analysis  work. This  demonstra t ion may  be by means  of failure 
analysis  r epo r t s ,  photomicrographs,  equipment demonstra t ions ,  o r  o ther  
means .  
Example  : F a i l u r e  analysis  o rd inar i ly  s t a r t s  with e l ec t r i c a l  trouble - 
shooting and a magnified v i sua l  examination to i so la te  the  fai led par t ,  The 
in i t ia l  evaluation will  o rd inar i ly  de te rmine  the f a i l u r e  mode and provide a 
bas i s  f o r  f u r the r  analysis .  The following methods a r e  used to  de te rmine  the 
ac tua l  cause  of fa i lu re  and may  r equ i r e  d i sassembly  and dissect ion of the 
microc i rcu i t .  
a. In f ra red  r ad iome t r i c  microscopy  
b. Fluoroscopic  ana lys i s  
c. Scanning e lec t ron  microscopy  
d. Microprobe analysis  
e. Radiographic analysis  
f. Photographic  r e c o r d  of a l l  anomal ies  observed  
The following techniques and equipment a r e  a l so  available to de te rmine  
m o r e  p rec i se ly  the  exac t  physical  p roces se s  that  took place. 
a. Metallographic s amp le  p repara t ion  and analysis  
b. Chemica l  analysis  
c. X- r ay  diffraction analysis  
d. Absorp t ion / t ransmis  sion spectrophotometry  
One of the m o s t  impor tan t  aspec t s  of fa i lu re  ana lys i s  i s  the  feedback 
of the  data  and the  co r r ec t i ve  act ion cycle. The manufac ture r  should show 
evidence tha t  h i s  f a i l u r e  ana lys i s  capability includes a n  "evaluation-f eedback- 
co r r ec t i ve  action" c losed loop. 
4.0 ELECTRICAL TESTING CAPABILITY 
4. 1 E l ec t r i c a l  T e s t  Equipment 
The manufac ture r  sha l l  f u rn i sh  evidence of a capabil i ty f o r  e lect r ical ly  
tes t ing the hybrid mic roc i r cu i t  types to be cert if ied.  As a min imum 
requ i rement ,  th is  capability should include a t e s t  a r e a  with e l ec t r i c a l  t e s t  
equipment sufficient f o r  moni tor ing p a r a m e t e r s  such  a s  r e s i s t ance ,  capaci-  
"Lance, inductance, voltage, cu r r en t ,  frequency,  etc. The manufac ture r  
shall a l so  indicate whether  h i s  capabil i ty includes equipment fo r  the  e l ec t r i c a l  
testvng of active and pass ive  chip components,  such a s  in tegrated c i r cu i t  chips ,  
t r a n s i s t o r  chips,  capaci tor  chips,  etc. and whether o r  not th i s  t e s t  equipment 
1s automatic o r  computer-controlled.  F o r  example:  
Hybrid mic roc i r cu i t  e l ec t r i c a l  t e s t  a r e a  complete with 
a, Genera l  purpose,  low noise  power suppl ies  
b, Prec i s ion ,  low noise  power suppl ies  
c ,  Genera l  purpose osci l loscopes  
d, High f requency response  osci l loscopes  
e, Oscil loscope c a m e r a  
f. Wavefo rmgene ra to r  
g, Genera l  purpose pulse gene ra to r s  
h, Very  f a s t  pulse gene ra to r s  
i, Counte rs  and t i m e r s  
j. Digital vo l tme te r s  
k, Digital ohmmete r s  
1, Prec i s ion  digital  volt-ohm m e t e r s  
rn, Automatic capaci tance br idge 
n, High f requency reac tance  m e t e r  
o ,  Res i s to r  noise  ana lyzer  
p. Digital IC t e s t e r  
q ,  L inear  IC t e s t e r  
r ,  T r a n s i s t o r  curve  t r a c e r s  
s, Vol t -ohm-mi l l i ammeters  
t, Microwave network ana lyzer  
u. DC vacuum tube vo l tme te r s  
v, Multiple mic rop robe  s ta t ions  f o r  chip  t es t ing  
w, Miscel laneous spec ia l  t e s t  f ix tu res  
4. 2 Equipment Cal ibra t ion 
The manufac ture r  sha l l  fu rn i sh  evidence that  the  e l ec t r i c a l  t e s t  equip- 
ment  used to  t e s t  hybrid mic roc i r cu i t s  undergoes  a regular ly-scheduled 
cal ibra t ion to  i n su re  sa t i s fac tory  operat ion and accuracy.  F o r  example:  
a. Curve t r a c e r s  cal ibra ted eve ry  6 months by Secondary Standards  
Lab. 
b. Oscil loscopes ca l ib ra ted  eve ry  84 working days  by Secondary 
Standards  Lab. .  
c. Digital vo l tme te r s  ca l ib ra ted  eve ry  105 working days by Secondary 
Standards  Lab. 
d. Vol t -ohm-mi l l i ammeters  cal ibra ted yea r ly  by Secondary Standards  
Lab. 
e. Potent iometer  b r idges  ca l ib ra ted  eve ry  147 working days by 
P r i m a r y  Standards  Lab. 
4. 3 Flow Cha r t s  
The  manufac ture r  sha l l  indicate on the  applicable flow cha r t s  ( s e e  
Exhibits  2, 3 ,  4, and 5 i n  Appendix A) a t  what points e l ec t r i c a l  tes t ing is done 
in  the  hybrid mic roc i r cu i t  fabr icat ion operation. F o r  example:  
a. Thick f i lm r e s i s t o r s  e lec t r i ca l ly  t es ted  before  and dur ing t r imming ,  
b. Thin f i l m  r e s i s t o r s  e lec t r i ca l ly  t es ted  before and dur ing t r imming ,  
c. Hybrids t e s t ed  before  and a f te r  sealing.  
5.0 ENVIRONMENTAL AND ACCEPTANCE TESTING CAPABILITY 
5. 1 Environmental  T e s t  Equipment 
The manufac ture r  sha l l  fu rn i sh  evidence of a capabil i ty f o r  e n v i r o n r n e ~ ~ t -  
al ly tes t ing the  hybr id  mic roc i r cu i t  types  to  be cert if ied.  F o r  example:  
Environmental  t e s t  capabil i ty cons i s t s  of t he  following: 
a. Storage ovens capable of a t  l e a s t  t 1  50°C 
b. Cold chamber s  capable of a t  l e a s t  -65OC 
c. Accelera t ion equipment 
d. Vibration equipment 
e. Altitude t e s t  chamber  
f ,  S a l t s p r a y c h a m b e r  
g, Mechanical shock equipment 
5, 2 Acceptance Testing 
The manufacturer shal l  indicate the types of environmental, mechanical, 
and electr ical  t e s t s  normally given to hybrid microc i rcu i t s  a s  par t  of his 
gre-sea l  o r  post-seal acceptance testing. This should include any special  
chip burn-in tests ,  i f  applicable. This may be done in flow cha r t  format  (see 
Exhibit 5 in Appendix A )  o r  in tabular format.  The specific acceptance t e s t s  
and t e s t  parameters  will depend on the particular program requirements.  
5. 3 Equipment Calibration 
The manufacturer shall  furnish evidence that the environmental and 
mechanical t e s t  equipment used to t e s t  hybrids undergoes regularly-scheduled 
calibration to insure  satisfactory operation and accuracy. Calibration should 
especially include those equipment i tems used in the assembly, measurement ,  
and control of the hybrid microc i rcu i t s  being fabricated, including special  
tools, gauges, and control me te r s .  F o r  example: 
a, Ovens calibrated every 3 months by Secondary Standards Lab. 
b, Thermometers  calibrated yearly by P r i m a r y  Standards Lab. 
c ,  Humidity chambers  calibrated yearly by Secondary Standards Lab. 
d, Pin r ecorde r s  calibrated every 4 months by Secondary Standards 
Lab. 
e,  Accelerometers  calibrated every  6 months by Secondary Standards 
Lab. 
f. Centrifuge counters calibrated every 84 days by Secondary Standards 
Lab. 
g, Temperature r eco rde r s  calibrated every 3 months by Secondary 
Standards Lab. 
h, Manometer calibrated every 6 months by P r i m a r y  Standards Lab. 
4.0 DEIONIZED WATER CONTROLS 
The manufacturer shal l  identify the controls used to maintain the purity 
of the deionized water which he uses  in hybrid microc i rcu i t  processing. If 
deionized wate r  i s  not used,  the manufac ture r  sha l l  indicate the type of 
wa t e r  used. These  controls ,  a s  a minimum, sha l l  cons i s t  of t he  following. 
a. Water res i s t iv i ty  (e. g., wa te r  res i s t iv i ty  m u s t  be g r e a t e r  than on' 
equal  to 12 megohms a s  de te rmined  by a Beckman Solu Res i s tance  
Bridge,  Model RD- 146-Y 1; etc. ) 
b. Water  sol ids  (e. g., a par t ic le  count i s  periodically taken using a 
0 .45 mic ron  m e m b r a n e  f i l t e r ,  examination of the  f i l t e r  is  done 
under  4 0 X  magnification with an accuracy  of rt 10 percen t  far 0 ,  5 
mic ron  par t i c les ;  etc. ) 
c. Other controls ,  if applicable (e. g., u l t raviole t  s t e r i l i z e r ;  total 
e lec t ro ly tes  count; no other  controls  applicable,  etc. ) 
WORK AREA CONTROLS 
The manufac ture r  sha l l  identify the  requ i rements  and controls  used f o r  
the operat ion and maintenance of the hybrid mic roc i r cu i t  work a r e a s ,  
7. 1 Pe r sonne l  
a. P ro tec t ive  ga rmen t s  (e. g., personnel  enter ing the mic roc i r cu i t  
work a r e a  sha l l  wea r  nylon o r  Dacron smocks  of approximately  
knee length; pe rsonne l  handling mic roc i r cu i t s  o r  m ic roc i r cu i t  
m a t e r i a l s  sha l l  w e a r  gloves o r  f inger  cots ,  etc. ) 
b. Smoking, eating, and drinking (e. g.,  smoking, eating, and drinking 
i s  prohibited in a l l  m ic roc i r cu i t  fabr icat ion,  inspection,  and te s t  
a r e a s ;  etc. ) 
7. 2 Equipment 
a. Equipment (e. g., compres sed  air hoses  sha l l  have adequate 
f i l t e r s ;  a l l  vacuum pumps o r  o ther  devices  tha t  produce hydro- 
carbons ,  a e ro so l s ,  o r  synthetic lubr ican ts  sha l l  be vented outside 
the  a r e a  o r  be equipped with adequate exhaust  f i l t e r s ;  only c losed 
top was te  conta iners  with disposable  plas t ic  bags sha l l  be permit ted 
within microe lec t ron ic  production a r e a s ;  etc. ) 
7. 3 Work A r e a  
a ,  Work a r e a  (e. g., gelat in o r  f i be r  type f l oo rma t s  a r e  provided a t  
each  en t rance  to the  mic roc i r cu i t  production a r e a ;  l amina r  flow 
benches within the mic roc i r cu i t  production a r e a  sha l l  have a 
min imum airf low r a t e  of 100 l i nea r  fee t  pe r  minute;  H E P  A 
absolute f i l t e r s  99. 97 percen t  effective in  removing a i rbo rne  
par t i c les  0. 3 m i c r o n s  in  s i ze  o r  l a r g e r ,  and pre f i l t e r s  capable 
of removing g r o s s  amounts  of l a r g e r  a i rbo rne  par t i c les ;  an  an te room 
i s  provided to  prevent  the  flow of contaminated air f r o m  the out- 
of-doors into the  production a r e a s ;  a l l  f loor  a r e a s  a r e  d r y  mopped 
daily, wet  mopped weekly, and vacuumed eve ry  two weeks;  a l l  
a i r  ducts,  in le t s  and exhausts  a r e  vacuum wiped monthly; etc. ) 
7. 4 Environmental  Controls ,  If Any 
a. T e m p e r a t u r e  (e. g. ,  no specific r o o m  t empera tu r e  r equ i r emen t s  
o r  controls  o ther  than r egu l a r  t he rmos t a t s ;  r o o m  t empera tu r e  
continually moni tored in  a l l  m ic roc i r cu i t  production a r e a s ;  a s s e m -  
bly a r e a  t empe ra tu r e  75' f  OF, thick f i lm a r e a  t empe ra tu r e  
7 1' f Z'F, thin f i lm a r e a  t empe ra tu r e  76' f 2 ' ~ ;  etc. ) 
b, Relative humidity (e. g.,  no specif ic  re la t ive  humidity r equ i r e -  
men t s  o r  con t ro l s ;  r e la t ive  humidity i s  45 percen t  f 5 percen t  in  
mic roc i r cu i t  fabr icat ion a r e a s ;  etc. ) 
c, P a r t i c l e  count, if applicable (e. g. ,  no par t ic le  count requ i rement ,  
etc. ) 
d, Clas s  of c lean room,  if applicable (e. g., controlled a r e a  used 
r a t h e r  than c lean room,  etc. ) 
PACKAGES OR PACKAGING METHODS 
The manufac ture r  sha l l  identify the  package types  o r  packaging methods 
which he u s e s  to  enclose  o r  p ro tec t  the  hybr id  mic roc i r cu i t s  to be cert if ied.  
He shall a l so  indicate the con t ro l s  used  to  a s s u r e  the  in tegr i ty  of these  
packages o r  packaging methods.  
8. 1 Package Type, Mate r ia l ,  and Size 
a. Package  type (e. g. , f latpack,  TO-8 header ,  dual  in-l ine,  ete, ) 
b. Package m a t e r i a l  (e. g.,  a lumina ce r amic ,  Kovar,  gold plated 
Kovar ,  etc. ) 
c. Lid m a t e r i a l  (e. g. ,  t in  plated i ron-nickel-cobal t  alloy, nickel, 
Kovar,  etc. ) 
d. Package s i ze s  (e. g. , 1 inch x 1 inch 30-lead, 1 inch x 2 inches  
74-lead;  12-lead and 16-lead TO-8 s i z e s ;  etc. ) 
8. 2 Package  Controls  
a. Lead integr i ty  (e. g. , l eads  sha l l  b e  capable of withstanding a 
pull of 1. 0 pound fo r  a m in imum durat ion of 30 seconds when tes ted 
pe r  MIL-STD-883, Method 2004, Condition A, etc. ). 
b. Lead fat igue (e. g. , l e ads  sha l l  be capable of meet ing requ i rements  
f o r  r e s i s t ance  t o  m e t a l  fatigue when subjected t o  a bending fo r ce  
of 3 f 0. 3 oz. f o r  t h r e e  90 f 5 deg ree  a r c s  pe r  MIL-STD-883, 
Method 2004, Condition B2, etc. ) 
c. Lead peel  s t reng th  (e. g., e ach  lead sha l l  be capable of withstanding 
a f o r c e  of a t  l e a s t  8. 0 oz. d i rec ted  upwards a t  r ight  angles to t h e  
lead plane, etc. ) 
d. Lead solderabi l i ty  (e, g. , lead su r f ace s  sha l l  be wet  by so lder  with-  
out degradat ion of the  package when i m m e r s e d  f o r  5 f 0. 5 second 
in  a so lder  ba th  a t  230' f 5 ' ~  per  MIL-STD-883, Method 2003, etc, j, 
e. Lead f in ish  (e. g.,  lead f in ish  sha l l  be gold plate pe r  MIL-G-45204, 
Type I, C la s s  1, Grade  A, 0. 00005 inch min imum thickness ,  etc, ) 
f. C e r a m i c  o r  me ta l  base  (e. g., a luminum oxide, 94 percen t  purity 
minimum with a f l exura l  s t reng th  of 35, 000 psi,  a min imum bulk 
specific gravi ty  of 3 .4  g r a m s  per  cc ,  max imum sur face  roughness  
of 63 micro inch  per  ASA publication B46. 1-1962,etc. ) 
g. Metalization if any (e. g., gold over  nickel ,  n ickel  plate per  
QQ-N-290, C la s s  2, 0. 0003 inch thick min imum,  gold plate per 
MIL-G-45204, Type I, C l a s s  1, Grade  A, 0.00005 inch thick 
min imum,  etc. ) 
h, Workmanship (e. g., c e r a m i c  sha l l  be f r e e  f r o m  c racks ,  f i s s u r e s ,  
bubbles, pores ,  chips,  etc. ; metal izat ion and plating sha l l  be f r e e  
of excess ively  ragged edges,  cor ros ion ,  lifting, pulling, c r acks ,  
s c r a t ches ,  b l i s t e r s ,  etc. ; l eads  sha l l  be f r e e  of b u r r s  g r e a t e r  than 
0. 0015 inch  in  any di rect ion and f r e e  of any defects  a s  specified 
in  MIL-STD-883, Method 2009 when viewed under  10 X magnifica- 
tion, etc. ) 
i, Rupture  s t reng th  (e. g., the package sha l l  be capable of withstanding 
3 a tmosphe re s  p r e s s u r e  di f ferent ia l  when sealed on a r e s i l i en t  
sur face ,  etc. ) 
j, Hermet ic i ty  (e. g., when tes ted  per  MIL-STD-883, Method 1014, 
Condition A, the m e a s u r e d  leakage r a t e  sha l l  be l e s s  than 1 x 
atrn. c c / s e c . ,  e t c . )  
k, Environmental  (e. g.,  packages sha l l  withstand t h e r m a l  shock per  
MIL-STD-883, Method 10 11, Condition C ;  packages sha l l  withstand 
vibrat ion fat igue p e r  MIL-STD-883, Method 2005, Condition A; 
packages sha l l  withstand s a l t  a tmosphere  per  MIL-STD-883, 
Method 1009, Condition A, etc. ) 
9.0 PRODUCT ASSURANCE 
The manufac ture r  sha l l  show evidence of a product  a s s u r a n c e  p rog ram 
similar to the r equ i r emen t s  of MIL-M-385 10, Appendix A. 
11. CERTIFICATION OF  KEY PROCESS STEPS  
This  sect ion of the  Line Cer t i f ica t ion document  includes  the  key p roces s  
s teps  requ i red  to  produce typical  thin f i lm  and thick f i lm hybrid mic roc i r cu i t s .  
These  ten key p roces s  s teps  s t a r t  with design and layout and continue through 
package sealing:  
1. 0 Design and Layout 
2. 0 Masks  and Sc reens  
3.0 P a r t s  and Ma te r i a l s  Control  
4. 0 Subs t ra te  Charac te r iza t ion  
5. 0 F i l m  Pa t te rn ing  
6. 0 Subs t ra te  Sizing 
7. 0 Tr imming  
8. 0 P a r t s  Mounting 
9.0 Interconnect  Bonding 
10. 0 Package Sealing 
F i g u r e  1 i s  a flow d i ag ram showing how these  ten key p roces s  s t e p s  a r e  
i n t e r r e l a t ed  in  a typical  flow sequence.  The l a s t  seven p roces s  s teps  (i, e, , 
subs t r a t e  charac te r iza t ion  through package seal ing)  a r e  in t imately  assoc ia ted  
with the ac tua l  fabr icat ion processes .  F o r  each  of the  key p roces s  s teps ,  
the  manufac ture r  i s  asked to identify his  ma te r i a l s ,  process ing methods,  
controls ,  documentation, and inspection and quality a s s u r a n c e  c r i t e r i a ,  The 
manufac ture r  m u s t  a l s o  demons t ra te  to the NASA Cert i f ica t ion T e a m  his 
p roces se s ,  controls ,  equipment and t e s t  methods ,  where  applicable. Thrs 
i s  done in  o r d e r  to a s s u r e  NASA that  a pa r t i cu l a r  hybrid mic roc i r cu i t  line i s  
capable of fabr icat ing a consis tent  and highly re l i ab le  product. 
In no ins tance i s  the  manufac ture r  requ i red  to fu rn i sh  documentation 
which the  manufac ture r  cons ide r s  p ropr ie ta ry .  If neces sa ry ,  t he  exis tence 
of p rop r i e t a ry  documents sha l l  be es tabl ished by a l i s t ing of those  p ropr ie -  
t a r y  documents n e c e s s a r y  to the  hybrid mic roc i r cu i t  operation.  
e CHIP COWONENTS 
e WIRE 
- - - - - - - - e PACKAGES r---- a ADHESIVES SOLDER 
I e ETC 
I 
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NOTE: CIRCLED NUMBERS DESIGNATE KEY PROCESS STEPS FOR CERTIFICATION. 
1. DESIGN A N D  LAYOUT 6. SUBSTRATE SIZING 
2. MASKS A N D  SCREENS 7. TRIMMING 
3. PARTS A N D  MATERIALS CONTROL 8. PARTS MOUNTING 
4. SUBSTRATE CHARACTERIZATION 9. INTERCONNECT BONDING 
5. FILM PATTERNING 10. PACKAGE SEALING 
F i g u r e  1, Typical  flow d i ag ram showing the  ove ra l l  in te r  re la t ionships  between the  var ious  
hybrid mic roc i r cu i t  key p roces s  s teps  which r equ i r e  cert if ication.  
1.0 DESIGN AND LAY OUT 
1. 1 Scope 
This  p roces s  s t e p  involves the schemat ics ,  drawings ,  Rubyliths, a r twork ,  
layouts,  etc. n e c e s s a r y  f o r  the design and layout of a hybrid microc i rcu i t ,  
Rega rd l e s s  of the  different  types  of drawings ,  the i r  f o rma t ,  o r  the  manne r  in  
which they a r e  p repared ,  these  drawings ,  together  with the appropr ia te  spec-  
ification call-outs and pa r t s  l i s t s ,  m u s t  be complete enough to pe rmi t  the 
fabr icat ion of a hybrid microc i rcu i t .  This  p roces s  s t e p  does not include the 
-
prepara t ion  of the  reduced working m a s k s  (e. g. ,  film negatives,  etc,  ), 
deposit ion masks ,  o r  thick f i lm  s c r e e n s ,  a s  they a r e  covered in Section 2, 5 
of th is  Line Cer t i f ica t ion document. 
Refe rences :  The flow c h a r t  in  Exhibit  1 (Appendix A )  i l l u s t r a t e s  a 
typical  sequence of events  resu l t ing  i n  a s e t  of manufacturing engineering 
drawings  fo r  the  fabr icat ion of e i the r  a thick f i lm  o r  thin film hybrid  m i c r o -  
circuit .  F o r  prototypes o r  engineering models ,  the subs t ra te ,  a ssembly ,  
and a r twork  drawings  a r e  usual ly  el iminated.  In these  c a s e s ,  the f inal  layout 
s e r v e s  a s  the  a l l -purpose drawing. The manufac ture r  should fu rn i sh  a 
s i m i l a r  flow c h a r t  showing his  design and layout procedure.  
1. 2 Identification of Drawing Types  
The manufac ture r  sha l l  identify the  di f ferent  types  of drawings ,  a r twork ,  
layouts,  etc.  which he u s e s  fo r  the  fabr icat ion of production-type hybrid 
mic roc i r cu i t s .  F o r  example:  
a. Artwork drawings.  The a r twork  drawing i s  an undimensioned 
drawing which dupl icates  the  Rubylith ar twork.  Working m a s k s  a r e  
p r epa red  by photographic reduction of the a r twork  drawings,  
b. Subs t ra te  drawing. The  subs t r a t e  drawing shows t he  complete  
res i s to r -conduc tor  network a s  it would appear  a f te r  photoetching 
o r  a f te r  sc reen ing  and fir ing.  
c. Assembly  drawing. The a s sembly  drawing shows the assembled  
subs t r a t e  ins ide  the  package enc losure  with a l l  chips,  w i r e  bonds,, 
e tc . ,  shown in  t he i r  p roper  positions. 
d, Marking drawing. The  mark ing  drawing shows the  package outline 
with the c o r r e c t  ca l louts  to  be  s tenci l led  on the  outside of the  
package cover.  
e ,  Schemat ic  diagram.  The schemat ic  d i ag ram shows the  e l ec t r i c a l  
c i r cu i t  i n  symbolic f o r m a t  with a l l  components identified a s  to 
type, value,  to le rance ,  etc. 
1, 3 Identification of Method Used to  P r e p a r e  M a s t e r  Drawings 
The manufac ture r  sha l l  identify the  method o r  methods used to p r e p a r e  
the m a s t e r  drawings.  M a s t e r  drawings  a r e  those  drawings  o r  a r twork  (e. g . ,  
Rubyliths, taped m a s t e r s ,  etc. ) ord inar i ly  done a t  an  enlarged s ca l e  f r o m  
which the f inal  reduced working m a s k s  a r e  prepared.  
1. 3 ,  1 Method. (e. g., Rubyliths cut manual ly  on 48-inch coordinatograph; 
master ar twork  prepared  by automated draf t ing machines  using computer  
contro1; etc. ) 
1. 3,, 2 Scale. (e. g . ,  Rubyl i thsnormal ly  p repared  a t  a 20:l sca le ,  etc. ) 
1.4 Identification of Res i s t o r  -Capaci tor  -Conductor Design Requi rements  
The manufac ture r  sha l l  identify h i s  capabi l i t ies  i n  the  fabr icat ion of 
hybr id  mic roc i r cu i t s  by l ist ing h i s  pass ive  device design r equ i r emen t s  f o r  
each basic  type of hybrid mic roc i r cu i t  to be cer t i f ied  (e. g. ,  thick f i lm,  
"chi film, multichip,  etc. ) 
4, 4, 11 Res i s to r s .  
a, Type (e. g., thick f i lm;  thin f i lm;  chip; etc. ) 
b, Resis t iv i ty  (e. g., 225 ohms / squa re  fo r  thin f i lm r e s i s t o r s ;  ink 
va lues  used fo r  thick f i l m  r e s i s t o r s  range  f r o m  10 o h m s /  s q u a r e /  
mil up to 1 megohm/squa re /mi l ;  etc. ) 
c, T e m p e r a t u r e  coefficient  of r e s i s t ance  (e. g.,  f 100 p p m / O ~  f r o m  
- 5 5 ' ~  to  +150°C fo r  thin f i lm  r e s i s t o r s ;  f 150 p p m / o ~  f r o m  - 6 5 ' ~  
to f 1 5 0 ' ~  f o r  ink va lues  f r o m  5OQ/o/mil to  500, 00052/o/mil; etc. ) 
d,  Size  (e. g., thin f i lm  r e s i s t o r s  widths a r e  nominally 0. 005 inch, 
m in imum width = 0. 0025 inch; thick f i l m  r e s i s t o r  widths a r e  
nominally 0. 040 inch,  min imum width = 0. 030 inch; etc. ) 
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e. Power  density (e. g.,  thin f i lm  and thick f i lm  r e s i s t o r s  designed 
to e i ther  25 o r  100 wat t s l sq .  inch on c e r a m i c  subs t r a t e s  depending 
on the  r e s i s t o r  to lerance,  etc. ). 
1. 4. 2 Capaci tors .  
a. Type (e. g. ,  chip; thin f i lm;  thick f i lm;  etc. ) 
b. Capaci tance (e. g., chip  capac i to rs  range  f r o m  10 to 100, 000 pf; 
thick f i lm  and thin f i lm  printed capac i to rs  a r e  not normal ly  used; 
etc. ). 
c. T e m p e r a t u r e  coeff ic ient  of capaci tance (e. g., NPO chip capac i to rs  
= f 30 p p m / O ~ ;  etc. ) 
d. Voltage ra t ing (e. g.,  KlZOO chip capac i to rs  ra ted  a t  50 vdc;  etc, 1 
1.4. 3 Conductors.  
a. Type (e. g. , thin f i lm;  thick f i lm;  etc. ) 
b. Resis t iv i ty  (e. g. , 0. 003-0. 015 ohms / squa re ;  etc. ) 
c. Minimum line width (e. g . ,  0. 0025 inch f o r  thin f i lms ;  0. 015 inch 
f o r  thick f i lms ;  etc. ) 
1. 5 Documentation 
The manufac ture r  sha l l  fu rn i sh  evidence of des ign and layout docurnern- 
tation in r e g a r d s  to des ign guides, r u l e s ,  p rocedures ,  o r  the equivalent  f o r :  
a. P r epa ra t i on  of drawings  and layouts 
b. Conductor d imensions  and layouts, if applicable 
c. Res i s t o r  d imensions  and layouts, if applicable 
d. Capaci tor  d imensions  and layouts,  if applicable 
e. Chip layouts 
f. Interconnections 
g. Mult i layered designs ,  if applicable 
1-6 Demonstration of Design and Layout Capability 
6 1 Examples  of working drawings. The manufac ture r  shal l  fu rn i sh  
examples  of each  of h i s  different types of working drawings.  These examples  
shal l  include a s  a minimum: 
a ,  Schematic d i ag ram 
b. Fina l  layout o r  assembly  drawing 
c, P a r t s  l i s t  and m a t e r i a l s  call-out, if not included on layout o r  a s s e m  
bly drawing. 
d. Rubylith a r twork  o r  the  equivalent, if applicable. 
e. Artwork,  drawing, o r  m a s t e r  pat tern  resul t ing f r o m  automated 
a r twork  generation o r  computer-aided design process ,  if applicable. 
1, 6, 2 Demonstration of layout p roces se s  and equipment. The manufac ture r  
shal l  demons t ra te  h i s  layout p roces se s  and equipment to  the  NASA Cert i f ica-  
tion T e a m  if done in-house. This  demonstra t ion shal l  p r imar i ly  consis t  of 
cutting an actual  Rubylith (o r  the equivalent) f o r  a thick f i lm  o r  thin f i lm 
layout showing the methods,  tools,  and controls  used. If automated o r  
computer-aided design p roces se s  a r e  used (and if done in-house),  the manu-  
f ac tu re r  shal l  demons t ra te  the operat ion of the applicable equipment (e. g. ,  
computer ,  digit izer,  plotter ,  graphics  t e rmina l ,  etc. ) and controls  used. 
2,O MASKS AND SCREENS 
2 ,  1 Scope 
This  p roces s  s t ep  involves the ma te r i a l s ,  equipment, and controls  used 
by the manufacturer  which r e su l t  i n  reduced working m a s k s  (positi'ves o r  
negatives on f i lm  o r  g lass ) ,  s c r eens ,  o r  "additive" m a s k s  f o r  vacuum 
deposition o r  sputtering. The manufac ture r  sha l l  indicate whether the m a s k s  
and/or  s c r e e n s  a r e  p repared  in-house o r  purchased f r o m  an outside vendor 
who special izes  in  making m a s k s  o r  sc reens .  
References :  The flow c h a r t  in Exhibit  1 (Appendix A) i l l u s t r a t e s  a 
typical sequence of events resul t ing i n  a s e t  of s c r e e n s  f o r  thick f i lm  printing 
and in  a s e t  of reduced 1:1 working m a s k s  f o r  thin f i lm  photoetching. If 
applicable, the manufac ture r  should indicate h i s  p roces s  s teps  on a s imi l a r  
flow char t .  
2. 2  Ident i f ica t ion  of M a s k  o r  S c r e e n  Type  
T h e  m a n u f a c t u r e r  s h a l l  i den t i fy  the type  of m a s k  o r  s c r e e n ,  i t s  i n t ended  
u s a g e ,  a n d  the  m a s k  o r  s c r e e n  m a t e r i a l .  F o r  e x a m p l e :  
a .  D a r k  f ie ld  f i l m  m a s k  on  0 .007- inch  th i ck  C r o n a r  f o r  th in  film 
"sub t r ac t ive"  photoe tch ing  u s i n g  nega t ive  r e s i s t .  F a b r i c a t e d  b y  
ou t s ide  vendor .  
b. No. 200 m e s h  s t a i n l e s s  s t e e l  s c r e e n  wi th  " d i r e c t "  type  s t e n c i l  emul- 
s ion  f o r  u s e  i n  p r i n t i n g  th ick  f i l m  r e s i s t o r s  and  c o n d u c t o r s  with 
l i n e  wid ths  2 0. 010 inch.  S c r e e n  a n d  f r a m e  p u r c h a s e d  f r o m  outside 
vendor ,  bu t  e m u l s i o n  app l i ed  a n d  e x p o s e d  in -house .  
2 .  3 Ide,nt i f icat ion of M a s k  o r  S c r e e n  C o n t r o l s  
F o r  e a c h  m a s k  o r  s c r e e n  type to be c e r t i f i e d ,  t he  m a n u f a c t u r e r  shall 
ident i fy  the  c o n t r o l s  u s e d  i n  t he  p r e p a r a t i o n  of t h a t  p a r t i c u l a r  type of mask o r  
s c r e e n .  If the m a s k s  a n d / o r  s c r e e n s  a r e  p u r c h a s e d  f r o m  a n  ou t s ide  v e n d o r ,  
i n d i c a t e  a n y  c o n t r o l s  o r  r e q u i r e m e n t s  i m p o s e d  o n  the  vendor .  
2. 3. 1 E n v i r o n m e n t  (e.  g . ,  p r i o r  to pho tog raph ic  r educ t ion ,  the a r t w o r k  shall 
be  s t ab i l i zed  f o r  8  h o u r s  m i n i m u m  i n  a c o n t r o l l e d  e n v i r o n m e n t  of 72 f 3 ' ~  at
45-  55 p e r c e n t  r e l a t i v e  humidi ty ;  G e r b e r  photoplot te  r e n v i r o n m e n t  con t ro l l ed  
a t  69  f 2 O F  a n d  45  f 5 p e r c e n t  r e l a t i v e  humid i ty ;  e t c .  ) 
2 .  3 . 2  Reduct ion  (e .  g. , all r e d u c t i o n s  of r e l a t e d  m u l t i p l e  p a t t e r n s  shal l  be  
g e n e r a t e d  d u r i n g  the  s a m e  s e s s i o n ,  on the s a m e  c a m e r a ,  wi th  the  s a m e  
o r i e n t a t i o n  of all r e l a t e d  a r t w o r k ,  and  f r o m  the  s a m e  l o t  of f i l m ;  r educ t ion  
f r o m  20 : l  a r t w o r k  to b e  wi th in  f O .  0005  i n c h  b e t w e e n  d e s i g n a t e d  t a r g e t s ;  e t c , )  
2. 3. 3 S c r e e n  e x p o s u r e ,  if app l i cab le  (e. g. , e m u l s i o n - c o a t e d  s c r e e n  frame 
held  i n  v a c u u m  h o l d e r  of N u A r c  F l i p - T o p  P l a t e m a k e r  a n d  e x p o s e d  to m e r c u r y  
l i g h t  s o u r c e  a t  a d i s t a n c e  of a p p r o x i m a t e l y  15 - inch ,  e x p o s u r e  t i m e  p r e s e t  on  
t i m e r  a n d  a u t o m a t i c a l l y  con t ro l l ed ;  e t c .  ) 
2. 3 . 4  Film m a s k  e x p o s u r e ,  if a p p l i c a b l e  (e .  g. , 20: 1  r e d u c t i o n  done  in  one  
s t e p  u s i n g  a n  8 -114- inch  l e n s  a t  a  d i s t a n c e  of a p p r o x i m a t e l y  182'-inch f r o m  
f i l m  p lane  to  copy;  r e d u c t i o n  c a m e r a  i s o l a t e d  o n  air  p a d s ;  e t c .  ) 
2 ,  3. 5 Touch-up (e. g. , touch-up p e r m i t t e d  on  s c r e e n s  us ing  block-out  
e m u l s i o n ;  touch-up p e r m i t t e d  on film m a s k s  us ing a n  a lcoho l -base  b lack 
opaquing ink;  e tc .  ) 
2.  3, 6 Vacuum deposi t ion  m a s k  e x p o s u r e ,  if appl icable  (e. g. , m e t a l  m a s k s  
coated  with d r y  film r e s i s t  and exposed f r o m  both s i d e s  us ing  double-s ided 
e x p o s u r e  equipment ,  m a s k s  s p r a y  e tched  f r o m  both s ide  s ,  etching t o l e r a n c e s  
f o r  openings in m a s k  a r e  f 0.001 - inch;  vacuum deposi t ion  not n o r m a l l y  done 
t h r o u g h  m a s k s ;  e tc .  ) 
2 ,  3. 7 Automat ic  m a s k  genera t ion .  If photographic m a s k s  a r e  au tomat ica l ly  
g e n e r a t e d ,  the m a n u f a c t u r e r  sha l l  identify the  equipment  and c o n t r o l s  used.  
F o r  example :  
a. Equ ipment  (e .  g . ,  G e r b e r  Model 532 photoplot ter ,  g e n e r a l - p u r p o s e  
P D P - 9  c o m p u t e r ,  d ig i t i ze r ,  c a r d  punch and r e a d e r ,  e tc .  ) 
b. Cont ro l  s y s t e m  ( e . g . ,  c o m p u t e r  a n d p u n c h e d c a r d ;  c o m p u t e r  and 
t ape ;  e t c . )  
c .  X, Y speed  (e.  g. , 1 inch p e r  second,  e tc .  ) 
ci. A c c u r a c y  (e. g . ,  f 0. 0009 inch  o v e r  48 i n c h e s  x 60 i n c h e s  table ,  e t c . )  
e .  Repeatabi l i ty  (e. g. , f 5 0 0  m i c r o i n c h ,  e t c . )  
f ,  Re solut ion (e.  g. , f 300 m i c r o i n c h ,  e t c .  ) 
g. Plot t ing  head (e. g. , 24 a p e r t u r e s ,  e tc .  ) 
h. Size of f ina l  m a s k  g e n e r a t e d  (e. g. , 1 X f ina l  m a s k  s i z e  on Kodali th 
Or tho  Type 3  E s t a r  B a s e ,  e t c . )  
2 ,  3, 8 S tep-and- repea t  (e .  g . ,  thin film photographic  m a s k s  n o r m a l l y  s t ep -  
and- r epea ted ,  s tep-and-  repeat ing  done by outs ide  vendor ;  thick film s c r e e n  
p a t t e r n s  not n o r m a l l y  s t ep -and- repea ted ;  e t c . )  
2 ,  Documentat ion 
The m a n u f a c t u r e r  shal l  f u r n i s h  evidence  of documenta t ion  r e g a r d i n g  the 
f ab r i ca t ion  of m a s k s  and s c r e e n s ,  i f  appl icable ,  the  c o n t r o l s  u s e d ,  and the 
inspec t ion  r e q u i r e m e n t s .  
2.4. 1 Inspection r equ i r emen t s  (e. g . ,  evaluation of photolithographic filam 
m a s k s  documented by P r o c e s s  Ins t ruct ion P I  XXXX; thick f i lm s c r e e n  s tenci l  
inspection documented by P r o c e s s  Ins t ruct ion PI XXXX; e t c . )  
2. 5 Inspection and Quality Assu rance  
The manufac tu r e r  shal l  identify h i s  inspect ion and quali ty a s s u r a n c e  
r equ i r emen t s  re la ted  to the following. 
2. 5. 1 Storage ( e . g . ,  photographic m a s t e r s  and f i l m  working m a s k s  shal l  be 
s t o r ed  a t  72 f 5 ' ~  and 30-55 percen t  re la t ive  humidity;  f i l m s  a r e  s to red  f la t  
o r  on edge where  f i lm f la tness  c an  be mainta ined;  s c r e e n s  and g lass  i na sks  
s to red  in such a m a n n e r  a s  to avoid sc ra tch ing  o r  o therwise  damaging the 
emuls ion sur face ;  etc.  ) 
2. 5. 2 Handling and c lean l iness  (e. g. , gloves  o r  equivalent  f inger  cover ing 
a r e  worn a t  a l l  t i m e s  when handling f i lms ;  f i l m s  and f i lm s e t s  individually 
packaged in  c lean polyethylene bags  o r  envelopes;  f i lms  sha l l  be  kept  f r e e  of 
dust ,  d i r t ,  f ingerpr in t s ,  and o the r  contamination;  e tc . )  
2. 5. 3 Identification (e. g. , a l l  f i lms  a r e  identif ied with name ,  drawing nurn- 
b e r  and revis ion,  and pa t t e rn  type; etc.  ) 
2. 5 .4  Visual  inspection of photographic m a s k s .  
a. Workmanship  (e. g . ,  a l l  f i lm m a s t e r s  a r e  examined a t  55 X magni- 
f icat ion fo r  p r o c e s s  contaminants  within f i lm emuls ion which appear  
a s  pinholes,  s c r a t c h e s  o r  voids,  and thin opaque a r e a s  appear ing  
a s  spo t s ;  t he r e  shal l  be no  s c r a t c h e s ,  pinholes,  o r  opaque spots  
> 0. 0005 inch;  t he r e  shal l  be no m o r e  than 5 defec t s  > 0.0002 inch 
in  any r e s i s t o r  a r e a s ;  e tc . )  
b. Image defini t ionledge acui ty  (e. g. , a l l  f i lm m a s t e r s  a r e  examined 
a t  200-2 50 X magnificat ion f o r  image  definition and edge acuity,  the 
photographic image  shal l  a p p e a r  s h a r p  and dis t inct ,  the zone 
between the fully opaque a r e a  to the  fully c l e a r  a r e a  shal l  be 
< 0. 00005 inch,  t he r e  sha l l  be  no m o r e  than 5 rows  of emuls ion  
par t i c le  s c a t t e r  beyond the demarca t ion  between f i lm base  opacity 
and the c l e a r  f i lm;  e t c . )  
c .  Regis t ra t ion  (e. g . ,  a l l  f i l m  m a s t e r s  of a s e t  sha l l  be examined a t  
30- 55 Xmagnif ica t ion f o r  reg i s t ra t ion  of a l l  c i r cu i t r y  e l emen t s ,  
r eg i s t ra t ion  shal l  be  within f 0. 0005 inch,  the images  of s t ep  and 
r epea t  a r r a y s  shal l  r eg i s t e r  with f 0. 0005 inch,  etc.  ) 
d, Image s ize  (e .  g. , l ine  widths shal l  be  within -0. 0001 inch and 
$0. 0003 inch f o r  l ines  i 0.003 inch wide and within - 5  pe rcen t  and 
+10 pe r cen t  f o r  l ine widths > 0.003 inch a s  m e a s u r e d  a t  110 X m a g -  
nification; photographic reduction between designated t a rge t s  shal l  
be within f 0. 0005 inch;  etc. ) 
2 ,  5, 5 Visual  inspection of s c r eens .  E a c h  s c r e e n  i s  examined emuls ion side 
u p  fo r  the  following c r i t e r i a :  
a. Workmanship  (e. g. , s c r e e n s  examined a t  10 X magnificat ion fo r  
pinholes,  s c r a t c h e s  and voids which would al low ink to be applied 
to the subs t r a t e  o the r  than where  specif ied,  e tc . )  
b, Image definition (e. g. , s c r e e n s  examined a t  30 X magnificat ion i n  
3 random locat ions  to  a s s u r e  that  the l ine edge is s t ra igh t  and 
f i r m l y  a t tached to s c r e e n ,  etc.  ) 
c, Po la r i t y  (e .  g . ,  pa t t e rn  ide,ntification m a r k  on s c r e e n  i s  examined 
to make  s u r e  the identif icat ion m a r k i n g s  read  in  m i r r o r  image  
fashion,  etc.  ) 
2 , Q  Demonstra t ion of Mask and  Sc reen  Process ing:  
2 . 6 ,  1 Example s  of m a s k s  and s c r eens .  The manufac tu r e r  shal l  fu rn i sh  to 
the NASA Cert i f ica t ion T e a m  example s  of e ach  of the di f ferent  types  of m a s k s  
and s c r e e n s  used  i n  the fabr ica t ion  of h i s  hybrid mic roc i r cu i t s .  These  
examples  shal l  include a s  a min imum:  
a ,  Reduced 1:1 photographic f i lm  a n d / o r  g l a s s  working m a s k s ,  i f  
applicable.  
b. Vacuum deposit ion m a s k s ,  if applicable.  
c. Sc reens  f o r  thick f i l m  process ing ,  if applicable.  
2.6-2 Demonstra t ion,  Using avai lable  documented p rocedu re s ,  the manu-  
facturer shal l  demons t r a t e  the p r o c e s s e s  and con t ro l s  u sed  to produce f i lm 
m a s k s ,  deposit ion m a s k s ,  and s c r e e n s  if these  m a s k s  and s c r e e n s  a r e  
produced in-house. Th is  demonstra t ion sha l l  include,  where  applicable,  
photographic reduction,  s tep-and-repeat ing,  exposure  and etching of me ta l  
deposit ion m a s k s ,  expo s u r e  and etching of ch romium g l a s s  m a s k s ,  emuls ion 
application and exposure  of sc reens .  If m a s k s  and s c r e e n s  a r e  fabracated by 
a n  outside vendor,  the manufac tu re r  shal l  demons t ra te  h i s  inspection p r o c e -  
dures .  If f i lm a n d / o r  g l a s s  m a s k s  a r e  automat ical ly  generated in-house,  the 
manufac tu re r  shal l  demons t ra te  the control  sy s t em and photoplotter o r  
photogenerator.  
3.0  PARTS AND MATERIALS CONTROL 
3.  1 Scope 
This  p r o c e s s  s tep  involves the p rocedure  s ,  documents  and equipment 
involved in  p rocur ing  ( f rom outside vendors)  and controll ing p a r t s  and mate - 
r i a l s  requ i red  in  the fabr icat ion of hybrid microc i rcu i t s .  Examples  of pa r t s  
fal l ing into th is  ca tegory  a r e :  in tegra ted  c i rcu i t  chips ,  t r a n s i s t o r  chips ,  
capaci tor  chips,  r e s i s t o r  chips,  packages ,  etc. Example s  of m a t e r i a l s  
falling into th is  category a r e :  subs t ra tes ,  so lder ,  thick f i lm inks ,  adhe s ives ,  
wi re  o r  foil,  etc. Included in  th is  s tep  a r e  the manufac tu re r ' s  incoming 
inspection procedures ,  acceptance t e s t  p rocedu re s ,  and qualificatioil t e s t  
p rocedures .  
3 .2  Identification of P u r c h a s e d  P a r t s  and Mate r i a l s  
The manufac tu re r  shall  identify those p a r t s  and m a t e r i a l s  used in  the 
fabr icat ion of hybrid mic roc i r cu i t s  which a r e  no rma l ly  purchased f r o m  out-  
s ide  vendors .  Exclude i t e m s  which do not appea r  i n  the end product,  such 
a s  solvents,  f luxes,  e tchants ,  r e s i s t s ,  etc.  
3. 2.  1 P u r c h a s e d  p a r t s  (e. g . ,  in tegrated c i r cu i t  chips,  t r a n s i s t o r  chips ,  
diode chips,  capaci tor  chips,  r e s i s t o r  chips,  inductors ,  f la t  packs ,  TO-8 
headers ,  e tc . )  
3 . 2 . 2  P u r c h a s e d  m a t e r i a l s  (e. g . ,  subs t r a t e s ,  thick f i lm inks ,  gold and 
a luminum bonding wire ,  conductive and non- conductive adhe sive s ,  solde P, 
eutect ic  p r e f o r m s ,  etc.  ) 
3, 3 Vendor Qualification 
3 ,  3 ,  1 P r o c e d u r e s  f o r  vendor qualification. The manufac ture r  shal l  identify 
- 
the p rocedures  which he u s e s  to qualify outside vendors  a s  suppl ie r s  of p a r t s  
and m a t e r i a l s  f o r  high rel iabil i ty hybrid mic roc i r cu i t s ,  if applicable. This  
m a y  be done by flow c h a r t  o r  na r r a t i ve  format .  Exhibit  6 i n  Appendix A i s  
an example of a typical flow c h a r t  which r e su l t s  in a qualified p a r t  o r  m a t e -  
r i a l  and a qualified vendor fo r  that  p a r t  o r  ma te r i a l .  
3 ,  3, 2 Qualification t e s t s  f o r  chip components. The manufac tu re r  shal l  p ro-  
vide a brief  l is t ing of the qualification t e s t s  requ i red  fo r  typical  semiconduc-  
to r  chip components and typical pass ive  chip components. The intent  h e r e  
i s  not to requ i re  a lengthy l ist ing of t e s t  r equ i r emen t s ,  but r a the r  to provide 
evidence to NASA that  the manufac ture r  h a s  used  reasonable  c a r e  in the 
selection of h is  chip components and vendor.  Table 2 l i s t s  a typical  group of 
qualification t e s t s  fo r  semiconductor  chips. Table 3 l i s t s  a typical  group of 
qualification t e s t s  for  capaci tor  chips. Tab les  2 and 3 a r e  exce rp t s  f r o m  
i n -  house documents. 
Table 2. Qualification t e s t s  f o r  unencapsulated semiconductor  
chips. The paragraph  r e f e r ences  specify t e s t s  p e r  
MIL-STD-883 o r  MIL-STD-750 and o ther  t e s t  r equ i r e -  
men t  s  a s  applicable. 
Table 3.  Qualification test  table for  fixed, ceramic  dielectr ic  capacitor 
chips. The paragraph references specify tes t s  p e r  MIL-6-  
1.10 15 and other tes t  requirements  a s  applicable. 
a n d  w o r k m a n s h i p  
P h y s i c a l  d i m e n s i o n s  
D i e l e c t r i c  wi ths t and ing  vo l t age  
B a r o m e t r i c  p r e s s u r e  ( r e d u c e d )  
Insu la t ion  r e s i s t a n c e  
Shock,  m e d i u m  i m p a c t  
V i b r a t i o n ,  high f r e q u e n c y  
T e m p e r a t u r e  cyc l ing  
D i e l e c t r i c  wi ths t and ing  vo l t age  
Insu la t ion  r e s i s t a n c e  
T e r m i n a t i o n  s t r e n g t  
M o i s t u r e  r e s i s t a n c e  
D i e l e c t r i c  wi ths t and ing  vo l t age  
D i e l e c t r i c  wi ths t and ing  vo l t age  
Insu la t ion  r e s i s t a n c e  
3, 4 Incoming Inspection and Testing 
The manufac ture r  shall  identify the p rocedures ,  methods  and t e s t s  used 
t o  i n su re  the quali ty and acceptabil i ty of purchased  p a r t s  and m a t e r i a l s  u sed  
in the fabr icat ion of high rel iabil i ty hybrid mic roc i r cu i t s .  A flow c h a r t  
( see  Exhibit 7 in  Appendix A) m a y  be used  to i l lus t ra te  the manufac tu re r ' s  
incoming inspection and t e s t  p rocedure  s. 
3 , 4 ,  1 Lis t ing of quality conformance and acceptance tes ts .  The manufac- 
t u r e r  shall  provide a br ief  l i s t ing of the quality conformance o r  acceptance 
t e s t s  requ i red  fo r  typical  semiconductor  chip components and typical  pa s s ive  
chip components. The intent  of th is  l i s t ing i s  to provide evidence to NASA 
that  the manufac ture r  u s e s  reasonable  c a r e  to a s s u r e  that  a l l  ac t ive  and 
pass ive  chip components conform to a given s e t  of quality requ i rements .  
Whe r e  applicable, th is  l i s t ing should include the sampling plan. 
Example  : 
a,  Tables  4 and 5 l i s t  the quality conformance inspection r equ i r e -  
m e n t s  and sampling plan schedule s f o r  t r a n s i s  to r  chips. 
b. Table 6 l i s t s  the quality conformance inspection requ i rements  
and sampling plan schedule fo r  fixed, c e r a m i c  d ie lec t r i c  capa-  
c i t o r  chips. 
Note :  Tab les  4, 5, and 6 a r e  excerp t s  f r o m  in-house documents.  
3 ,  4, 2 P e r f o r m a n c e  of quality conformance tes ts .  The manufac tu re r  sha l l  
indicate whether the quality conformance t e s t s  a r e  done by h i s  own incoming 
inspection a r e a  o r  by the vendor and whether o r  not a cer t i f ica t ion i s  
furnished.  
Example  : 
Chip components tes ted by vendor  p e r  quality conformance 
requ i rements  of manufac tu re r ' s  specification. Vendor fu rn i shes  
a cer t i f ica te  of compliance. All  chip components visually 
inspected a s  p a r t  of incoming inspection procedure .  Acceptance 
tes t ing m a y  be done a t  the option of the manufac tu re r  to i n s u r e  
that  the p a r t s  supplied conform to p r e  sc r ibed  requ i rements .  
Table 4. Quality conformance inspection requirements for unencapsulated, 
silicon, P N P  transistor  chips. The paragraph references specify 
t e s t  parameters  p e r  MIL-STD-883 o r  MIL-STD-750 and other 
test  requirements a s  applicable. 
Rej  
No. 
3J 
- -  
- -  
- -  
2 
2 
933000. 
2 AQL i s  for  p rocu remen t  o r d e r  of 201 d ice  o r  m o r e .  Refer  to 4 .4 .5  of Genera l  
Specification 933000 fo r  sample  s i ze s  and f o r  sampling information concerning 
s m a l l e r  o r d e r s .  
F o r  one re jec t ,  double sampling shal l  apply. 
No. 
--  
- -  
- -  
0 
0 
Inspection o r  Tes t  
P r o c e s s  conditioning 
Wafer e l ec t r i ca l  t e s t s  
Visual  in spection 
Subgroup 1 
(packaged dice)  
Contact r e s i s t ance  
Cr i t ica l  e l ec t r i ca l  
p a r a m e t e r s  
High-temperature 
r e v e r s e  b ias  l i fe  
Cr i t ica l  e l ec t r i ca l  
p a r a m e t e r s  
Ope rat ing life 
(Level  B) 
E lec t r i ca l  
cha rac t e r i s t i c s  
Subgroup 2 
Tempera tu re  
cycling (Level  B) 
Contact s t rength  
Numbers  prefixed 
Reference 
:k4. 4. 3 
::4. 5.4 and Table I1 here in  
::4. 5. 5. 6 
*4.4.1, ::4.4.1.1 
:::4. 5. 5. 2 
:k4. 5. 5. 5 and Tables  I11 
and V here in  
*4. 5. 5. 5 and Table V 
here in  
a4. 5. 5. 4 and Tables  I1 and 
V he re in  
*4. 5. 5.4 and Table V 
he r e in  
s4. 5.4 and Table I11 here in  
::4.4.1, ::4.4.1.2 
::4. 5.5. 7 
:%4. 5. 5. 1 
by an  a s t e r i s k  identify 
AQL 
Level  Control  
B 
100% 
100% 
100% 
1. 5 
1. 5 
pa rag raphs  in Genera l  Specification 
C 
100% 
100% 
loo'$% 
2. 5 
2. 5 
Table 5. Sampling plan schedule f o r  t r ans i s t o r  and diode chips  
p e r  MIL-STD-105. 
P u r c h a s e  Quantity 
40 26 1 2 
lJ Approximate L T P D  shown in paren thes i s  i s  fo r  information only. The 
sample  s i z e s  f o r  the second sample  a r e  accumulative total.  
Table 6 ,  Quality conformance inspection requ i rements  fo r  fixed, c e r a m i c  
d ie lec t r i c  capaci tor  chips. The pa rag raph  r e f e r ences  specify 
t e s t s  p e r  MIL-C-11015 and o ther  t e s t  r equ i r emen t s  a s  applicable. 
The sampling plan i s  in  accordance  with MIL-STD-105. 
Die lec t r i c  
3.5 Packaging and Storage 
The manufac ture r  shal l  indicate any specia l  packaging and s torage 
requ i rements  which he u s e s  f o r  chip components o r  ma te r i a l s .  
3. 5. 1 Packaging (e. g . ,  s e m i ~ o n d u c t o r  dice shall  be packaged in  mul t icavi ty  
con ta iners  which will p reven t  in termingl ing of, o r  damage to, the dice dur ing  
shipment ;  the cavi t ies  shal l  be uniformly a r r a y e d  and of a depth approxi-  
mate ly  twice the overa l l  die th ickness ;  the dice shal l  be i n se r t ed  with contacts  
facing upward; a f la t  t r anspa ren t  l id  shal l  fit  ove r  the cavity surface  tight 
enough to s ea l  out dust  pa r t i c l e s  that  a r e  5 m i c r o n s  o r  l a r g e r ;  capaci tor  
chips  packaged p e r  Leve l  C of MIL-C-39028; e tc . )  
3. 5.2 Storage (e. g . ,  chip components shal l  be s to red  in a d r y  ni t rogen 
a tmosphe re  until r eady  fo r  a s  sembly;  conductive and non- conductive 
adhes ives  kept under  re f r igera t ion  and labeled with a "limited shelf l i fe" 
s t i cke r ;  etc.  ) 
3.6  Documentation 
The manufac ture r  shall  fu rn i sh  evidence of specification documentation 
used  in the p rocu remen t  of high rel iabil i ty p a r t s  and m a t e r i a l s  fo r  hybrid 
mic roc i r cu i t s .  Specifications shall  ex i s t  f o r  a t  l e a s t  the following c lass i f i -  
cations of p a r t s  and m a t e r i a l s :  
3 .6.  1 P a r t s  
a .  T r a n s i s t o r s  and t r a n s i s t o r  chips 
b. Diodes and diode chips 
c. In tegrated c i r cu i t s  and in tegra ted  c i rcu i t  chips 
d. Capac i to rs  and capaci tor  chips 
e. R e s i s t o r s  and r e s i s t o r  chips 
f. Inductors  
g. P a c k a g e s o r  enc lo su re s  (he rme t i c  o r  o therwise)  
3 . 6 .  2 Ma te r i a l s  
a.  Subs t ra tes  (predeposi ted o r  o therwise)  
b. Bonding wi re ,  foil,  ribbon, o r  p r e f o r m s  
c, Adhesives (non-conductive o r  conductive) appear ing in  the end 
product.  
d. Encapsulants ,  conformal  coatings,  potting compounds, o r  o ther  
p l a s t i c s  appear ing i n  the end product. 
e ,  Thick f i lm inks  (conductor,  r e s i s t o r ,  d ie lec t r i c ,  overg laze ,  
insulat ing,  etc.  ) 
3, 7 Demonstrat ion 
The manufac ture r  shal l  demons t ra te ,  us ing documented p rocedu re s ,  
h is  qualification a n d / o r  quality conformance t e s t s  and controls  where  appli-  
cable,  including documentation of the t e s t  resul ts .  If burn- in  t e s t s  a r e  used 
for  chip components,  the manufac ture r  shall  demons t ra te  h i s  burn- in  capa-  
b i l i ty  a t  the t ime  and t empera tu r e  specified fo r  the pa r t i cu l a r  p a r t  under  
t e s t ,  
4,O SUBSTRATE CHARACTERIZATION 
4 - 1  Scope 
This  p r o c e s s  s tep  involves the m a t e r i a l s ,  p r o c e s s e s ,  equipment,  and 
controls  involved i n  the charac te r iza t ion  of subs t r a t e s  on which hybr id  m i c r o -  
c i r cu i t s  a r e  to be fabricated.  
4, 2 identification of Substra te  Type 
The manufac ture r  shall  identify the subs t ra te  type o r  types with 
r e spec t  t o :  
4, 2 ,  1 End usage  ( e .  g. ,  thick f i lm  applications;  thin f i lm applications;  e tc . )  
4. 2 ,  2 Mater ia l  and pur i ty  (e. g. , 96. 0 f 0. 10 pe rcen t  pure  a lumina fo r  
thick f i lm;  99. 5 f 0. 05  pe rcen t  p u r e  alumina fo r  thin f i lm;  etc. ) 
4, 2,  3 Metalization,  if applicable (e.  g. , thin f i lm subs t r a t e s  predeposi ted 
- 
with res i s t ive  and conductive l a y e r s  on one side only p e r  Table 7; thick f i lm 
subs t r a t e s  unmetal ized;  etc. ) 
Table 7. Thin f i lm subs t r a t e  meta l iza t ion 
l aye r s .  Nickel-chromium i s  the 
bottom l a y e r  and the pla ted gold 
i s  the top l ayer .  
4 .2 .4  Subs t ra te  su r face  f in ish  (e. g.,  25 micro inch ,  cen te r l ine  ave r age ,  for 
thick f i lm appl ica t ions;  10 micro inch ,  cen te r l ine  ave r age ,  one face  only, f o r  
thin f i lm  applicat ions;  e  tc. ) 
r 
Metal  o r  Alloy 
Nickel-chromium 
Nickel 
Gold 
Gold 
4.2.  5 Vendor. The manufac tu r e r  sha l l  indicate whether  the subs t r a t e s  he 
Deposit ion Method 
Vacuum deposi ted  
Vacuum deposi ted  
Vacuum deposi ted  
E lec t rop la ted  
u s e s  a r e  made  a n d / o r  meta l i zed  in-house o r  pu rchased  f r o m  a n  outside vendor 
(e.  g . ,  p redepos i t ed  thin f i lm s u b s t r a t e s  purchased  f r o m  outs ide  vendor ;  tilick 
f i lm unglazed a lumina  c e r a m i c  s u b s t r a t e s  pu rchased  f r o m  outside vendor ;  etc, ) 
4. 3 Identification of Subs t ra te  Controls  
The manufac tu r e r  shal l  identify the s u b s t r a t e s  con t ro l s  which he u se s .  
The con t ro l s  shal l  include the following, where  applicable:  
4. 3. 1 Workmanship  (e .  g. , the subs t r a t e  shal l  be c lean and f r e e  f r o m  c r a c k s ,  
s c r a t c h e s ,  chips ,  b u r r s ,  and s i m i l a r  mechan i ca l  damage  which extend m o r e  
than 0. 010 inch f r o m  an  edge;  the re  shal l  be no b l i s t e r s ,  p i t s ,  pocks ,  pin- 
holes ,  po rous  a r e a s ,  fo re ign  inclus ions ,  o r  o the r  de fec t s  that  would affect  
the ma t e  r i a l ' s  p r o p e r t i e s ;  f o r  p redepos i t ed  s u b s t r a t e s  t he r e  sha l l  be no m o r e  
than 5 pinholes l a r g e r  than 0. 001 f 0.0005 inch on the en t i r e  subs t r a t e  and 
no m o r e  than 3 c r a t e r s ,  nodules,  o r  b l i s t e r s  on any one subs t r a t e  n o r  shal l  
any of these  defects  exceed  0. 002 inch;  t h e r e  shal l  be no n i cks  o r  s c r a t c h e s  
extending through the conductor l a y e r  to  expose  the r e s i s t o r  l a y e r  
underneath;  etc.  ) 
4, 3 ,  2 Bas ic  subs t r a t e  m a t e  r i a l  p rope r t i e s .  The manufac tu r e r  sha l l  identify 
- 
" 
specific m a t e r i a l  p rope r ty  controls ,  where  applicable:  
a ,  Specific g rav i ty  (e. g . ,  3. 6 7  min imum p e r  ASTM D20, etc. ) 
b. Water  absorpt ion (e. g . ,  < 0. 05 pe r cen t  p e r  ASTM C373, e tc . )  
c, Hardnes s  (e. g . ,  m in imum of 75 on Rockwell 45N sca le  p e r  
ASTM E18,  e t c . )  
I 
d. Flexu ra l  s t reng th  (e.  g. , 40, 000 p s i  m i n i m u m  p e r  ASTM C369, e tc ,  ) 
2 .  
e, T h e r m a l  conductivity (e. g., 200 B T U / ~ ~  / n / h r /  O F  m i n i m u m  p e r  
ASTM C20 1,. etc.  ) 
f ,  T h e r m a l  shock (e. g. , no evidence of chipping o r  c rack ing  a f t e r  
success ive  5 minute  exposu re s  to - 5 5 ' ~  and 1 0 0 ~ ~  with no m o r e  
than 5 seconds  t r a n s f e r  t ime ,  e tc . )  
g, Die lec t r i c  constant  (e. g. , 9.0 min imum a t  1 MHz and t25OC p e r  
ASTM D150, etc.  ) 
h, L o s s  fac to r  (e .  g . ,  0.003 min imum a t  1 MHz and t25Oc p e r  ASTM 
D150, e t c . )  
i. Surface  res i s t iv i ty  (e. g. , 1 x 1014 o h m s / s q u a r e  min imum a f t e r  
10 hou r s  a t  $125 f: loOc p e r  ASTM D257, e t c . )  
4, 3, 3 Subs t ra te  meta l iza t ion p rope r t i e s ,  i f  applicable.  The manufac tu r e r  
shall identify the con t ro l s  u sed  f o r  the subs t r a t e  meta l i za t ion  l a y e r s :  
a, T e m p e r a t u r e  coefficient  of r e s i s t ance  (e. g. , TCR of thin f i lm  
r e s i s t o r  l a y e r  r f l O O  p p m / O ~  o v e r  the range  - 5 5 ' ~  to t l 5 0 ' c  
when tes ted  p e r  MIL-STD-202, Method 304, e t c . )  
b, Uniformity (e. g. , TCR shal l  be un i fo rm between t e s t  r e s i s t o r s  on 
the s a m e  subs t r a t e  within 25 ppm,  etc.  ) 
c .  Adhesion (e. g . ,  the r e s i s t o r  l a y e r  shall  f i r m l y  a d h e r e  to  the 
c e r a m i c  subs t r a t e  and the conductor  l a y e r s  shal l  f i rm ly  adhe r e  
to the r e s i s t o r  l a y e r  when subjected to a "Scotch tape  adhesion 
test";  the  subs t r a t e  i s  photoetched and one end of a 4-inch length 
of L-T-90,  Type I, C l a s s  A p r e s s u r e  sensi t ive  tape is p r e s s e d  on 
the  meta l i zed  su r f ace  and smoothly pul led  off a t  a 90-degree  angle ,  
the t ape  i s  then  inspected at 7 to 3 0 X  magnif ica t ion f o r  any  evidence 
of adhe r ing m e t a l ,  etc.  ) 
d. Solderabi l i ty  (e. g. , e lec t rop la ted  conductors  sha l l  be solderable  
without l o s s  of f i r m  in t e r l aye r  adhesion a s  demons t ra ted  by so lder -  
ing a 5-mil  d i a m e t e r  copper  wi re  to  a t  l e a s t  4 conductor pads  on a 
subs t ra te ,  solder ing is done p e r  MIL-STD-454, Requi rement  5 A  
using a 6-watt  solder ing i r o n  with Sn63, Type R so lder ,  e tc ,  ) 
e .  E lec t r i ca l .  P r edepos i t ed  thin f i lm  a lumina  subs t r a t e s  a r e  con- 
t ro l l ed  a s  to the e l e c t r i c a l  p r o p e r t i e s  of the r e s i s t o r  and conductor 
l a y e r s  a s  follows: 
o Res i s t o r  l a y e r  shee t  r e s i s t ance  sha l l  be  225  o h m s  p e r  squa re  
f 10 pe r cen t  a f t e r  s tabil izat ion a s  de te rmined  by a digital  ohm-  
m e t e r  a ccu ra t e  to 0. 01 ohm. 
e Conductor l a y e r  shee t  r e s i s t ance  r 0.02 o h m s  p e r  squa re  a s  
de te rmined  by a digital  o h m m e t e r  a ccu ra t e  to 0. 01 ohm,  
o Stabil i ty of the r e s i s t o r  l a y e r  shall  not exceed f 0. 3 pe r cen t  
a f t e r  exposure  to f 1 2 5 ' ~  f o r  1000 hours .  
4. 3. 4 Cleanl iness  (e. g. , p r i o r  to p roce s s ing ,  thick film s u b s t r a t e s  are 
cleaned by u l t r a  sonic cleaning in two diffe r en t  solvents ,  r insed  in  dewonized 
wa t e r ,  and oven d r i ed ;  p r i o r  to p roce s s ing ,  thin film s u b s t r a t e s  a r e  cleaned 
by i m m e r s i o n  in  spec ia l  c leaner ,  deionized wa t e r  r i n se ,  methanol  r i n se ,  
blow d r y  with ni t rogen,  and oven d ry ;  etc.  ) 
4. 3.  5 Storage (e.  g, , p r i o r  to p roce s s ing ,  c leaned s u b s t r a t e s  a r e  p laced  in 
c lean,  covered  con ta iners  and s t o r ed  in  n i t rogen a tmosphe re  d r y  boxes ,  the 
ni t rogen flow r a t e  is 6 to 10 cubic m i l l i m e t e r s  p e r  minute  m in imum wi th  a 
dew point 5 - 4 0 ° c ,  etc. ) 
4. 4 Documentation 
The manufac tu r e r  shal l  f u rn i sh  evidence of subs t r a t e  m a t e r i a l  speci-  
f icat ion con t ro l  (e. g. , meta l i zed  thin f i lm subs t r a t e s  sui table  f o r  r e s i s t o r -  
conductor ne tworks  cove r ed  by m a t e r i a l  specif icat ion HMS XX-XXXX; 
unglazed a lumina  c e r a m i c  subs t r a t e s  cove r ed  by m a t e  r i a l  specif icat ion 
HMS XX-XXXX; etc. ) 
4, 5 Inspection and Quali ty Assu rance  
The manufac tu r e r  shal l  identify h i s  inspect ion and quali ty a s s u r a n c e  
method re la ted  to the following. 
4, 3* I Visual  (e. g . ,  s ubs t r a t e s  100 p e r c e n t  v isual ly  inspected f o r  workman-  
ship r equ i r emen t s ,  meta l i zed  f i lm cove rage,  packaging,  and mark ing ,  etc.  ) 
4, 5, 2 Dimensional .  Subs t ra te  d imens ions  a r e  inspected fo r :  
a, Thickne s s  (e. g. , thick f i lm and thin f i lm subs t r a t e  th ickness  i s  
control led  t o  0. 025 f 0.0002 inch a s  m e a s u r e d  a t  5 locat ions  on 
the subs t r a t e  su r face  us ing a P r a t t  and Whitney th ickness  gauge, 
etc.  ) 
b, Width and length (e. g. , subs t r a t e  width and length a r e  control led  
to  f O .  010 inch  o r  51.0 pe r cen t  a s  m e a s u r e d  by v e r n i e r  c a l i pe r s  
with a d ia l  indicator  a ccu ra t e  to f 0 .  001 inch,  e t c . )  
c .  Fla tne s s  o r  c a m b e r  (e. g. , subs t r a t e  f l a t ne s s  to le rance  f o r  thick 
f i lm  subs t r a t e s  i s  0. 003 inch p e r  inch and f o r  thin f i l m  s u b s t r a t e s  
i s  0. 002 inch p e r  inch a s  de te rmined  by a P r a t t  and Whitney 
th ickness  gauge m e a s u r e d  a t  the c en t e r  of the subs t r a t e  and t h r e e  
p e r i m e t e r  locat ions ,  etc.  ) 
d, Surface  roughness  (e. g. , thin f i lm  subs t r a t e s  shal l  be no rougher  
than 10 micro inch ,  cen te r l ine  ave r age ,  a s  m e a s u r e d  by a 
Ta lysur f  4 Prof i lomete  r with a r e c t i l i nea r  r e c o r d e r  in a cco rd -  
ance  with ASA-B 46. 1,  e tc . )  
4. 5. 3 Adhesion and solderabi l i ty ,  i f  applicable (e. g.,  one  sample  f r o m  each  
lo t  of p redepos i t ed  thin f i lm s u b s t r a t e s  i s  inspected f o r  adhesion and so lder -  
ability, e t c . )  
4, 5, 4 Metalizat ion l a y e r  e l e c t r i c a l  r e s i s t ance  (e.  g . ,  one sample  f r o m  each  
lot of psedeposi ted  thin f i lm  s u b s t r a t e s  is inspected f o r  r e s i s t o r  l a y e r  and 
conductor l a y e r  res i s t iv i ty  and f o r  t e m p e r a t u r e  coefficient  of r e s i s t ance ;  
r es i s t iv i ty  evaluation i s  done on a spec ia l  t e s t  pa t t e rn  photoetched in  t h r ee  
o r  m o r e  wel l -spaced p l ace s  on the  t e s t  subs t r a t e ;  etc.  ) 
4.6 Demonstra t ion of Subs t ra te  Charac te r iza t ion  
F o r  e ach  subs t r a t e  type to be  cer t i f ied ,  the manu fac tu r e r  sha l l  
demons t ra te ,  using documented p rocedu re s ,  the subs t r a t e  con t ro l s  and 
inspect ion p r o c e s s e s  no rma l ly  used.  The NASA Cert i f ica t ion T e a m  will be 
given randomly-selected subst 'rates p r i o r  to fabr ica t ion fo r  inspection in 
accordance  with the  manu fac tu r e r ' s  documents.  
5.0 FILM PATTERNING 
5. 1 Scope 
Th i s  p r o c e s s  s t ep  involves the m a t e r i a l s ,  me thods ,  equipment ,  and 
con t ro l s  u sed  by the manu fac tu r e r  to del ineate  r e s i s t o r  and conductor 
p a t t e r n s  on subs t r a t e s  f o r  thin f i l m  and thick f i lm hybrid mic roc i r cu i t s ,  
Included a r e  such p r o c e s s e s  a s  pho to r e s i s t  applicat ion,  exposure ,  develop- 
ment ,  and etching f o r  thin f i lm ne tworks  and s c r e e n  pr in t ing and f i r ing fo r  
thick f i lm networks.  This  p r o c e s s  s t ep  does  not include r e s i s t o r  t r imming ,  
subs t r a t e  s iz ing,  o r  any a s s e m b l y  opera t ions  a s  they a r e  covered  in process 
s t eps  which follow. 
5. 2 Identification of E lec t r i ca l ly -Func t iona l  Mate r i a l s  
The manufac tu r e r  shall  identify the m a t e r i a l s  u sed  to f o r m  the r e s i s -  
t o r ,  conductor,  d ie lec t r i c ,  c r o s s o v e r ,  insulat ing,  and pass ivat ing l a y e r s ,  
The manufac tu r e r  shal l  a l s o  indicate  whether  the p a r t i c u l a r  m a t e r i a l ' s  end 
usage  i s  f o r  a thin f i lm o r  thick f i lm network.  
5.2.  1 Res i s t o r  m a t e r i a l s  (e. g. , nicke l -chromium al loy u sed  f o r  thin film 
r e s i s t o r s ;  p r o p r i e t a r y  c e r m e t  inks  u sed  f o r  thick f i lm r e s i s t o r s ;  e t c , )  
5.2. 2 Conductor m a t e r i a l s  (e.  g. , e lec t rop la ted  gold-over-nickel  u sed  f o r  
thin film conductors ;  p r o p r i e t a r y  c e r m e t  ink u sed  f o r  thick f i lm conduc tors ;  
etc.  ) 
5.2. 3 C r o s s o v e r  a n d l o r  d ie lec t r i c  m a t e r i a l s  (e. g., p r o p r i e t a r y  d i e l ec t r i c  
ink u sed  f o r  thick f i lm c r o s s o v e r s  and a l so  as  a n  insulat ing l a y e r  f o r  thick 
film mul t i l aye r  des igns ;  no c r o s s o v e r  m a t e r i a l s  u sed  in thin f i lm  des igns ;  
etc.  ) 
5 , 2 ,  4 Overglaze  o r  pass iva t ing  m a t e r i a l s  (e. g. , pro tec t ive  overg laze  u sed  
- 
over thick f i l m  r e s i s t o r s  when r equ i r ed ;  no pass iva t ing  o r  protect ive  ove r -  
coating used  ove r  thin f i lm  r e s i s t o r s ;  etc.  ) 
5. 3 Identification of E lec t r i ca l ly -Func t iona l  Mate r ia l  Controls  
The manufac tu r e r  shal l  identify h i s  con t ro l s  f o r  those m a t e r i a l s  which, 
when p roces sed ,  p e r f o r m  a n  e l ec t r i c a l  function, such a s  a r e s i s t i ve ,  con- 
ductive,  d ie lec t r i c ,  o r  p a s  sivating function. 
5 3 1 Thin f i lm ma te r i a l s .  Since a l l  thin f i lm  m i c r o c i r c u i t s  a r e  p r o c e s s e d  
from predepos i t ed  subs t r a t e s  pu rchased  f r o m  a n  outside vendor ,  the con t ro l s  
used  f o r  the r e s i s t o r  and conductor f i lms  have been covered  in  Section 4. 0 of 
th i s  document s ince  they a r e  a n  inseparab le  p a r t  of the subs t ra te .  
5, 3.  2 Thick f i lm  m a t e r i a l s .  
a. Indicate whether thick f i lm inks  a r e  fo rmula ted  in-house o r  p u r -  
chased  (e. g . ,  thick f i lm inks  pu rchased  f r o m  outside vendor  in  
accordance  with manu fac tu r e r ' s  specif icat ion;  ce r t i f i ca te  of com-  
pl iance  furnished by outside vendor ;  e t ~ .  ) 
b. Viscos i ty  (e .  g . ,  v i scos i ty  of r e s i s t o r  ink sha l l  be de te rmined  p e r  
ASTM Dl824  us ing a Brookfield V i scome te r  a t  10 R P M  with a 
No. 7 spindle and 0. 75 inch  i m m e r s i o n  of 190, 000 f 40, 000 cent i -  
p o i s e s  a t  79 rt 2' F, etc.  ) 
c ,  Drying and f i r ing  (e. g . ,  r e s i s t o r  ink shal l  be f r e e  of solvent  a f t e r  
a XX minute  bake a t  XXO C; r e s i s t o r  ink shal l  f o r m  a un i fo rm 
c e r m e t  without any vis ib le  de fec t s  a f t e r  a f i r ing  cycle  including 
XX minu t e s  a t  X X O  C;  etc.  ) 
d, P e r f o r m a n c e  character iza t ion.  E a c h  bottle of thick f i lm  ink is 
cha rac t e r i z ed  by screening,  f i r ing,  and tes t ing the  resu l t an t  f i lm 
f o r  the applicable c h a r a c t e r i s t i c s ,  such a s :  
o Res is tance  and TCR (e. g. , r e s i s t o r  inks  a f t e r  drying and 
f i r ing  to f o r m  a XX It 0. 1 mil thick f i lm  sha l l  comply with the  
r equ i r emen t s  in  Table  8;  TCR i s  m e a s u r e d  a t  -55O C, +25O C, 
and +150° C; etc.)  
Table  8. Res i s tance  t o l e r ances  and TCR 
- 
Conduc t iv i ty (e .g . ,  conduc to r i nks ,  a f t e r d r y i n g a n d f i r i n g t o  
f o r m  a f i lm  XX f 0.2 mil thick,  sha l l  have a shee t  r e s i s t ance  
of 0.003 - 0. 015 o h m s  p e r  squa re ;  e t c . )  
e Adhesion, if applicable (e. g . ,  conductor inks ,  when f i r ed  on 
a 96 pe r cen t  a lumina subs t r a t e ,  sha l l  adhe re  f i rm ly  to  the 
subs t ra te  ma t e  r i a l  without flaking o r  separa t ion ;  adhe sion i s  
t e s ted  by TC bonding a 2-mi l  d i a m e t e r  gold wi re  to at l e a s t  
4 pads  and then pulling the w i r e s  off a t  a  90-degree  angle;  if 
the conductor m a t e r i a l  s e p a r a t e s  f r o m  the subs t r a t e  before 
the bond o r  wi re  fa i l s ,  the m a t e r i a l  i s  not  acceptable ;  etc. ) 
Solderabil i ty,  if applicable (e. g. , conductor  inks ,  when f i r e d  
on a 96 p e r c e n t  a lumina subs t r a t e ,  sha l l  be  so lderab le  a s  
de te rmined  by solder ing a 30-36 AWG copper  wi re  to a t  l e a s t  
four  conductor pads  us ing a 6-wat t  solder ing and Sn62, Type 
R so lde r ;  the s o lde r  m u s t  complete ly  wet the conductor pad 
and f o r m  smooth joints  without evidence of local ly  d issolving 
all the conductor m a t e r i a l ;  etc.  ) 
e. Screenabi l i ty ,  if applicable (e. g. , overg laze  inks  shal l  be capable 
of pass ing  through a 200 m e s h  s c r e e n  to produce a un i fo rm l a y e r  
of p a s t e  on the subs t r a t e ,  e t c . )  
f. Blending of inks ,  if applicable (e. g. , r e s i s t o r  inks  of the s a m e  
type a r e  blended to obtain requ i red  shee t  r e s i s t ance  values  by 
mixing weighed quant i t ies  of two ink va lue s  in accordance  with a 
p rede t e rmined  blending cu rve  of res i s t iv i ty  v e r s u s  pe rcen tage  
composit ion,  etc. ) 
g. Storage (e,  g. , a l l  thick f i l m  ink composi t ions  a r e  s t o r e d  on a 
rotat ing j a r  mill so that  e ach  con ta iner  goes  through 3. 8 complete  
revolutions p e r  24 hours ;  all ink j a r s  contain a shelf l i fe l abe l  with 
a n  expira t ion date f r o m  6 months  to  1 y e a r  a f t e r  the manufactur ing 
o r  a r r i v a l  date ;  etc.  ) 
5-4 Thin Film P r o c e s s i n g  
The manufac tu r e r  shall  identify h i s  thin f i l m  p roce s s ing  method ( o r  
methods)  and controls .  A flow c h a r t  s i m i l a r  to that  shown in  Exhibi t  3 of 
Appendix A sha l l  be submitted to the NASA Cert i f ica t ion T e a m  showing the 
va r i ous  thin f i lm p roce s s ing  s t ep s  in  t h e i r  p r o p e r  sequence.  
5,  4, i P r o c e s s i n g  method (e. g. , "subtract ive"  method - photoetching 
r e s i s t i ve  and conductive f i lms  p redepos i t ed  on a lumina  subs t r a t e s ;  e tc . )  
5,  4, 2 Thin f i lm mul t i laye  r capabil i ty (e. g. , mul t i l aye r  thin f i lm hybr ids  
a r e  not  fabr ica ted ,  etc. ) 
5. 4, 3 P h o t o r e s i s t  p roce s s ing  and controls .  The manufac tu r e r  sha l l  identify 
h i s  pho tores i s t  p roce s s ing  methods  and con t ro l s  with r e s p e c t  to: 
a, P h o t o r e s i s t  p roce s s ing  a r e a  (e. g . ,  pho to r e s i s t  a r e a  h a s  yellow 
f i l te  r ed  i l lumination with tempe r a t u r e  the r m o  s ta t ica l ly  control led  
to 75' f 5"F,  e tc . )  
b, Type of pho to r e s i s t  (e. g. , negative-type photo r e s i s t ,  etc.  ) 
c ,  P h o t o r e s i s t  m a t e r i a l  con t ro l s  (e. g . ,  pho tores i s t  i s  control led  with 
r e s p e c t  to sol ids  res idue  and viscosi ty ;  sol ids  res idue  i s  d e t e r -  
mined  by m e a n s  of solvent  evaporat ion and di f ferent ia l  weighing to 
a n  a c c u r a c y  of f 1 .0  p e r c e n t  on one sample  f r o m  e a c h  pho to r e s i s t  
lo t ;  v i scos i ty  i s  de te rmined  by  e i t he r  the to rque  method uti l izing 
a Synchro-Lec t r i c  V i s c o m e t e r  with a No. 2 Spindle to an  a c c u r a c y  
of f 1 pe rcen t  o r  p e r  ASTM D445-65 us ing a Cannon-Fenske 
Viscorne te r  where  a f ixed volume of l iquid i s  al lowed to flow by 
grav i ty  through a cap i l l a ry ;  a  v i scos i ty  t e s t  is p e r f o r m e d  on e v e r y  
lo t  of pho tores i s t ;  etc.  ) 
d. P r e p a r a t i o n  of pho tores i s t  (e. g. ,  a new batch of pho tores i s t  is  
p r e p a r e d  daily by f i l ter ing through a Mill ipore No. AD2504200 p re -  
f i l t e r  and a Mill ipore No. URWG04700 f i l t e r  i n  sequence;  photo-- 
r e s i s t  i s  thinned with e lec t ron ic  g rade  th inner ;  e tc . )  
e. Application of pho tores i s t  (e. g. , photores i s t  i s  applied by spinning 
a t  XXXX r p m  under  a Microvoid dus t - f ree  hood; pho tores i s t  p r e -  
baked in  a c i rcula t ing air oven; e tc . )  
f. Pho to re s i s t  application controls  (e.  g. , spinner  R P M  de te rmined  by 
Genera l  Radio Type 1531. A Strobotac;  th ickness  of pho tores i s t  film 
de te rmined  by counting in te r fe rence  f r inges  using a meta l lu rg ica l  
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m ic roscope  with a 5500 A f i l t e r ;  vacuum hold-down keeps  subs t ra te  
on spinner  head during spinning; pho tores i s t  f i lm examined at  
7- 30 X magnification f o r  dust ,  l int ,  pinholes and o ther  sur face  
defects ;  pinhole densi ty  de te rmined  by counting the  number  of prn- 
holes in  16 random 0.025 inch x 0.025 inch squa re s  under  200 X 
magnification;  etc. ) 
g. Mask alignment,  exposure ,  and development (e.  g. , photomask 
aligned emuls ion-s ide  down i n  special ly-de signed al ignment f ix ture  
with vacuum hold-down using 7-30 X magnification;  pa t te rn  
exposed under  ul t raviole t  l ight  and developed in developer  for 
X minutes ;  pa t te rn  postbaked f o r  X minutes  a t  XXO f 5' C; etc,  ) 
h. Exposure  con t ro l s  (e. g. ,  l ight  in tensi ty  m e a s u r e d  by  B L A K - R A Y  
UV Meter ,  Type J-221; r e s i s t  pa t t e rn  inspected under  7-30 X 
magnification fo r  pa t t e rn  definition, voids,  inclusions,  and 
s i m i l a r  defects ;  touch-up i s  allowed using staging ink f o r  g r o s s  
pinholes and a needle p robe  to s c r a t c h  off unwanted photores i s t ;  
unacceptable pa t t e rn s  a r e  s t r ipped and redone; e tc . )  
5 .4 .4  P a t t e r n  etching and controls.  The manufac tu re r  shal l  identify h i s  
etching p r o c e s s e s  and con t ro l s  with r e spec t  to: 
a.  Type of etching ( e , g . ,  chemica l e t ch ing ,  e t c . )  
b. Type of pa t t e rn s  etched (e.  g. ,  gold-over-nickel  conductor 
pa t t e rn s  etched; n ichrome r e s i s t o r  p a t t e r n s  e tched using a corn- 
po s i te  r e  s is tor-conductor  photomask; e t ~ .  ) 
c ,  Etching p r o c e s s e s  and m a t e r i a l s  (e. g. , conductor p a t t e r n s  e tched 
using p r o p r i e t a r y  e tchants ;  conductor etching done a t  X X O  f 5O C 
using t i tanium subs t r a t e  ho lders ;  r e s i s t o r  p a t t e r n s  e tched us ing a 
p r o p r i e t a r y  oxidizing and reducing solution a t  XXO f 5' C; e tc . )  
d. Etching controls  (e. g . ,  e tchant  t empe ra tu r e  controlled by constant  
t e m p e r a t u r e  wa t e r  bath;  f r e s h  e tchan ts  mixed  dai ly  us ing deionized 
wa t e r ;  etching done under  a fume hood; o p e r a t o r  v isual ly  examines  
p a t t e r n s  dur ing etching to  de t e rmine  when conductor o r  r e s i s t o r  
f i lm i s  complete ly  removed;  pa t t e rn s  inspected immed ia t e ly  a f t e r  
etching under  30 X magnificat ion f o r  complete  remova l  of me t a l ;  
etc. ) 
5-4, 5 R es i s t  r emova l  and cleaning (e. g. , r e s i s t  removed by soaking sub- 
s t r a t e s  f o r  45 f 15 seconds  in p r o p r i e t a r y  s t r i ppe r  a t  r oom t empe ra tu r e  
followed by cotton swabbing; s u b s t r a t e s  inspected under  10 X magnificat ion 
f o r  complete remova l  of r e s i s t ;  s u b s t r a t e s  cleaned by a wa te r  r i n se ,  solvent  
deg rea se ,  solvent  r inse ,  n i t rogen blow dry ,  spec ia l  c l e ane r  i m m e r s i o n ,  
deionized wate r  r i n se ,  solvent  r i n se ,  n i t rogen  blow d r y ;  e tc . )  
5,4,6 R e  s i s t o r  stabil izat ion,  if applicable (e. g. , etched r e s i s t o r s  s tabi l ized 
fo r  XX hou r s  =t 5 minu t e s  a t  XXX' f 5' C,  e tc . )  
5, 5 Thick Film P r o c e s s i n g  
The manufac tu r e r  shal l  identify h i s  thick film p roces s ing  method ( o r  
methods)  and controls .  A flow c h a r t  s i m i l a r  to that  shown in  Exhibit  2 of 
Appendix A shal l  be submitted to the NASA Cer t i f ica t ion T e a m  showing the 
va r i ous  thick f i lm  p roce s s ing  s teps  in  t h e i r  p r o p e r  sequence. 
5,  5, 1 P r o c e s s i n g  method (e. g . ,  thick f i l m  hybr ids  p r o c e s s e d  by sc reen ing  
and f i r ing conductor,  r e s i s t o r ,  d ie lec t r i c ,  and overg laze  inks  on a lumina  
c e r a m i c  subs t r a t e s ,  etc.  ) 
5, 5, 2 Thick f i lm  mu l t i l aye r  capabil i ty (e ,  g. , mul t i l aye r  thick f i l m  hybrid 
m i c r o c i r c u i t s  a r e  fabr ica ted  with up  to t h r ee  conductor l eve l s ,  etc.  ) 
5. 5. 3 S c r e e n  pr in t ing and controls .  The  manufac tu r e r  shal l  identify his  
s c r e e n  pr in t ing p r o c e s s  and con t ro l s  with r e spec t  to: 
a .  Sc r een  p r i n t e r  se t -up (e. g., s c r e e n  p r i n t e r s  s e t  up f o r  p r o p e r  air  
p r e s s u r e ,  s c r een - to - subs t r a t e  b reakaway  dis tance ,  squeegee 
pr in t ing p r e s s u r e ,  squeegee t r ave l  speed a c r o s s  s c r e e n ,  leveling 
of s c r een ,  X-Y location of s c r e e n  with r e s p e c t  to  subs t r a t e ,  
squeegee stop,  a l ignment  of p r in ted  p a t t e r n s  with r e spec t  t o  e ach  
o the r ,  e t c . )  
b. S c r e e n p r i n t i n g  con t ro l s  (e .g . ,  m i c r o m e t e r  con t ro l s  on s c r e e n  
p r i n t e r  f o r  adjust ing b reakaway  dis tance ,  X-Y alignment,  angu- 
l a r i t y ,  s c r e e n  pa r a l l e l i sm ,  squeegee down stop; spe cia1 s c r e e n s  
used  which a r e  pa r a l l e l  to f0 .002  inch;  p r in ted  pa t t e rn  r eg i s t e r ed  
on subs t r a t e  within f O .  001 inch;  d r y  f i lm thickness  m e a s u r e d  us ing 
Z e i s s  Light  Section Microscope on sample  subs t r a t e s  p r i o r  to 
pr in t ing f inal  p a r t s  a t  e i t he r  200 X o r  400 X magnificat ion;  t e s t  
f i r ing  of a l l  r e s i s t o r  p r i n t s  done p r i o r  to pr in t ing the en t i r e  lo t  to  
a s s u r e  c o r r e c t  shee t  r e s i s t ance  value;  etc.  ) 
5. 5. 4 Drying (e. g . ,  p r in ted  pa t t e rn s  al lowed to  l eve l  f o r  a t  l e a s t  XX rnin- 
u t e s ,  then p laced  in  drying oven f o r  X minu t e s  a t  XXXO f 5' C, etc.  ) 
5. 5. 5 F i r i ng  p r o c e s s  and controls .  The manufac tu r e r  sha l l  identify h i s  
f i r ing  p r o c e s s e s  and con t ro l s  with r e s p e c t  to: 
a. F i r i n g  p r o c e s s  (e .g . ,  f i r ing  of r e s i s t o r ,  conductor,  d ie lec t r i c ,  
and overg laze  inks  i s  done i n  4-zone and 5-zone fu rnace s ;  t h r ee  
s epa ra t e  f u rnace s  a r e  u sed  - one f o r  r e s i s t o r  and conductor inks, 
one f o r  mu l t i l aye r  conductor and d i e l ec t r i c  inks ,  and one fo r  over- 
glaze  inks;  conductor and c r o s s o v e r  d i e l ec t r i c  inks  a r e  cof i red;  
a l l  r e s i s t o r  ink types  a r e  pr in ted,  d r ied ,  and then f i r ed  s imul -  
taneously;  p r in ted  s u b s t r a t e s  a r e  p laced on the fu rnace  belt ,  
c i r cu i t  s ide up, and allowed to t r a n s v e r s e  the length of the fu rnace ;  
a f i l t e red  d r y  a i r  a tmosphe re  i s  u sed  in the res i s to r -conduc tor  
5-zone fu rnace ;  etc.  ) 
b. F i r i n g  con t ro l s  (e. g . ,  f u rnace s  adjus ted f o r  bel t  speed,  peak 
t e m p e r a t u r e  of e ach  zone,  and fu rnace  p ro f i l e ;  t empe ra tu r e  
p ro f i l e s  pe r fo rmed  weekly using chromel -a lumel ,  Type K ,  thermocouple  and 
t empe ra tu r e  r e c o r d e r ;  peak t e m p e r a t u r e  m e a s u r e m e n t s  a r e  made  dai ly  p r i o r  
to any f i r ing  ope ra t ions ;  bel t  speed ver i f ica t ion is done weekly; f i r ing  fu rnace s  
a ccu ra t e  to 1000°C f lo C; e tc . )  
5 , 6  Documentation 
The manufac tu r e r  shall  fu rn i sh  evidence of the following. 
5 , 6 *  I P r o c e s s  documentation f o r  thin f i lm and thick f i lm p r o c e s s e s  (e. g. , 
product ion of e tched thin f i lm  res i s to r -conduc tor  ne tworks  documented by 
p r o c e s s  specif icat ion H P  XXXX toge ther  with s epa ra t e  p r o c e s s  ins t ruc t ion  
speci f ica t ions  f o r  photo r e s i s t  exposure  and development,  r e s i s t o r  pa t t e rn  
etching,  conductor pa t t e rn  etching,  r e s i s t  r emova l ,  and r e s i s t o r  stabil izat ion 
bake ; production of thick f i lm  r e  s i s to r -conduc tor  ne tworks  documented by 
p r o c e s s  specif icat ion H P  XXXX toge ther  with s epa ra t e  p r o c e s s  ins t ruc t ion  
speci f ica t ions  f o r  s c r e e n  pr in t ing,  drying,  and  f i r ing;  etc.  ) 
5-6, 2 Mater ia l  documentation control  f o r  thick f i lm inks  (e .g . ,  conductive 
pr in t ing inks  control led  by m a t e r i a l  specif icat ion HMS XXXX, r e  s is t ive  
pr in t ing inks  control led  by m a t e r i a l  specif icat ion HMS XXXX, pro tec t ive  
overg laze  control led  by m a t e r i a l  specif icat ion HMS XXXX, d ie lec t r i c  coat-  
ing s f o r  mul t i l ayer  applicat ions control led  by m a t e  r i a l  specif icat ion 
HMS XXXX; e tc . )  
5-6, 3 Envi ronmenta l  t e s t  data. T e s t  data  showing that  thin f i l m  and thick 
f i lm res i s to r -conduc tor  networks  p roce s sed  in  accordance  with the  manu-  
f a c t u r e r P s  i n t e rna l  specif icat ions a r e  capable of withstanding the following 
environments :  
a .  t125O C f o r  1000 hours  a t  a power  loading of 2 5  wat ts  p e r  squa re  
inch with l e s s  than 0. 1 p e r c e n t  r e s i s t ance  drift .  
5,6, 4 Stat ic d i scharge  t e s t  data. T e s t  data  showing the effect  of s t a t i c  
e l e c t r i c i t y  d i scharge  on thin and thick f i lm r e s i s t o r s ,  such a s  that  caused  by 
polyethylene bags ,  gloves,  l a tex  f inger  cots ,  Dacron  l ab  smocks ,  etc. The 
manufac tu r e r  shal l  show what p recau t ions  he h a s  taken to m in imize  o r  e l im i -  
nate  s t a t i c  d i scharge  effects ,  such  a s  us ing  spe cia1 an t i s t a t i c  polyethylene 
bags  to package the subs t r a t e s .  
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5. 7 Inspection and Quality Assurance  
The manufac ture r  shall  identify h i s  inspection and quality a s su rance  
methods re la ted to the following. 
5. 7. 1 Visual  examination and inspection (e. g. , all thin f i lm and thick f i lm  
res i s to r -conduc tor  networks  a r e  visual ly  examined under  a min imum of 30 X 
magnification fo r  the following wo rkmanship requ i rements :  voids,  hole s, 
c r a c k s ,  n icks ,  s c r a t ches  a c r o s s  r e s i s t o r s  o r  conductors ,  unetched o r  m i s -  
pr inted conductor and r e s i s t o r  a r e a s ,  misa l ignment  of conductor and r e s i s t o r  
pa t t e rn s ,  fore ign m a t e r i a l  on sur face  of subs t ra te ,  open c i rcu i t s ,  s h o r t  c i r -  
cui ts ,  metal izat ion too c lose  to edge of subs t ra te ,  n icks  o r  c r a c k s  in subs t ra te ,  
any evidence of lifting of r e s i s t o r  o r  conductor;  v i sua l  inspection done in 
accordance  with a s e t  of visual  inspection c r i t e r i a  sketches;  thin f i lm r e s i s t o r -  
conductor networks  inspected p e r  requ i rements  of MIL-STD-883, Method 
2010 except a s  modified;  etc. ) 
5. 7. 2 Resis tance (e. g. , a l l  thin f i lm and thick f i lm res ' i s to rs  tes ted f o r  DC 
re s i s t ance  p e r  MIL-STD-202, Method 303 using a digital  ohmmete r  o r  digital 
vol tmete r  to de te rmine  conformance with the to le rances  specified on the 
applicable engineering drawing o r  to i n s u r e  that  the r e s i s t o r s  a r e  within 
t r imming  capability; r e  s i s tance  readings  a r e  recorded  on applicable data 
sheet;  etc.  ) 
5. 7. 3 Handling and s to rage  (e. g. ,  p roces sed  subs t r a t e s  a r e  handled only b y  
the edges  o r  by m e a n s  of c lean gloves  o r  tweeze r s ;  p roces sed  subs t r a t e s  a r e  
individually packaged in ant is ta t ic  polyethylene bags  labeled with the part 
number  and s e r i a l  number ;  p roces sed  subs t r a t e s  a r e  s to red  in  a d r y  box 
under  ni t rogen a tmosphere  a t  a flow ra te  of 6 to 10 cubic m i l l i m e t e r s  per  
minute  min imum;  e tc. ) 
5. 7 .4  Acceptance inspection fo r  thin f i lm  res i s to r -conduc tor  networks ,  
- 
a. A min imum of 3 t e s t  pa t t e rn s ,  e ach  containing a t  l e a s t  5 r e s i s t o r s ,  
a r e  t es ted  f o r  res i s tance  dr i f t  p e r  MIL-STD-202, Method 108A, 
Condition B a t  1 50° f 3' C. 
b, A spec ia l  t e s t  pa t t e rn  having 0. 005-inch l ines  and space s  i s  t e s t ed  
f o r  insulat ion r e s i s t ance  p e r  MIL-STD-202, Method 302, Condi- 
tion A a t  r oom ambient .  The r e s i s t ance  between unconnected c i r -  
cui t  e l emen t s  shal l  be g r e a t e r  than 5 x l o 9  ohms. 
c, The adhesion of a res i s to r -conduc tor  network i s  tes ted  by a tape 
t es t .  The meta l i zed  l a y e r s  sha l l  not  s epa ra t e  f r o m  each  o the r  o r  
f r o m  the subs t ra te .  
5, 7. 5 Acceptance inspection f o r  thick f i lm res i s to r -conduc tor  networks.  
a. Specia l  t e s t  pa t t e rn  t es ted  f o r  r e s i s t ance  d r i f t  a f t e r  200 h o u r s  a t  
$150' f 3' C p e r  MIL-STD-202, Method 103A, Condition D. 
b, Conductor res i s t iv i ty  is  de te rmined  on a spec ia l  t e s t  pa t t e rn  a t  
100 f 5 m i l l i a m p e r e s  and $25' f 5OC. The res i s t iv i ty  shal l  be  l e s s  
than 0 .1  o h m  p e r  squa re  p e r  mil. 
c. T h r e e  t e s t  pa t t e rn s  f o r  e ach  di f ferent  r e s i s t o r  ink a r e  t e s ted  f o r  
t empe ra tu r e  coefficient of r e  s i s t ance  p e r  MIL-STD-202, Method 
304 between the t e m p e r a t u r e s  of - 55' C and $122' C. 
d, T h r e e  t e s t  pa t t e rns ,  e ach  containing a t  l e a s t  5 r e s i s t o r s ,  a r e  
t e s ted  f o r  r e s i s t ance  d r i f t  a f t e r  t e m p e r a t u r e  cycling p e r  MIL-STD- 
202, Method 102A, Condition C (except  high t e m p e r a t u r e  to be  
s o 0  C). 
e. T h r e e  t e s t  pa t t e rn s  a r e  t e s ted  f o r  insulat ion r e s i s t ance  p e r  MIL- 
STD-202, Method 302, Condition A a t  r oom ambient .  The r e s i s t -  
ance  between unconnected c i r cu i t  e l emen t s  shal l  be  g r e a t e r  than 
9 5 x 10 ohms. 
f ,  T h r e e  t e s t  pa t t e rn s  a r e  t e s ted  f o r  conductor- to-subst ra te  adhesion 
by solder ing a 32 gage so lder  coated copper  wi re  to 0. 1 - inch 
squa re  t e s t  pads  and pulling the wi re  pe rpend icu la r  to  the pad a t  
a r a t e  of 2 inches  p e r  minute.  The m i n i m u m  adhesion s t reng th  
shal l  be 175 pounds p e r  squa re  inch. 
g ,  T h r e e  t e s t  p a t t e r n s  a r e  t e s t ed  f o r  res i s to r - to -conduc tor  ove r l ap  
adhesion with a m i n i m u m  ove r l ap  of 0.015 inch  in  accordance  with 
F e d e r a l  T e s t  Method S tandard  No. 141, Method 6301.1, except  
that  the s u b s t r a t e s  a r e  not  i m m e r s e d  in  wa te r  before  tes t ing and 
the pa ra l l e l  s c r a t c h  t e s t  i s  not  performed.  The r e s i s t o r  m a t e r i a l  
on the res i s to r -conduc tor  over lap shall  not be lifted f r o m  the con- 
ductor  by  the u s e  of adhesive tape. 
h. T e s t  pa t t e rn s  a r e  t es ted  f o r  solderabi l i ty  by manual ly  soldering 
32 gage so lder  coated copper  w i r e s  to t e s t  pads  us ing Sn60, Sn6.2; 
o r  Sn63 t in-lead so lder ,  f o r m  W ,  type RMA conforming to 
QQ-S-571. The conductor a r e a s  m u s t  readi ly  accept  so lder ,  
i. The th ickness  of the g l a s s  o r  d ie lec t r i c  l a y e r  in  production rnult i -  
l aye r  and c r o s s o v e r  applications m u s t  be  a min imum of 
0. 0012-inch. 
j. The e l ec t r i c a l  continuity of mul t i l ayer  and c r o s s o v e r  des igns  i s  
de te rmined  by measu r ing  the voltage drop  using 'a volt-obrn- 
mi l l i ammete r .  A suitable de tec tor  i s  used  to indicate any discon- 
t inuit ies of one microsecond  duration. The re  shall  be no evidence 
of continuity between the c r o s s o v e r  conductor(s)  'and the lower  
conductor. 
k. The d ie lec t r i c  breakdown voltage of the g l a s s  o r  d ie lec t r i c  l aye r  
i s  tes ted p e r  MIL-STD-202, Method 301 using a production pad o r  
a t e s t  specimen. The breakdown voltage shal l  be a min imum of 
300 vol ts  (dc) /mi l .  
5. 8 Demonstra t ion of F i l m  Pa t te rn ing  
F o r  each  f i lm pat terning method to be cer t i f ied ,  the manufac tu re r  shal l  
demons t ra te ,  using documented p rocedu re s ,  the p r o c e s s e s  and controls  used,  
F o r  thin film res i s to r -conduc tor  networks ,  th is  demonstra t ion shall  a t  l e a s t  
include photo r e s i s t  application,  expo su re ,  development,  etching, and r e  s i s t  
removal.  F o r  thick f i lm  r e  s is tor-conductor  networks ,  th is  demonstra t ion 
shal l  a t  l e a s t  include printing,  drying,  and f i r ing  of r e s i s t o r ,  conductor and 
d ie lec t r i c  inks. 
At l e a s t  10 random sample s  of e ach  type of network to be cer t i f ied  shall 
be  selected f r o m  a production run and examined under  magnification by the 
NASA Cert i f ica t ion T e a m  in  accordance  with the manufac tu re r ' s  v isual  
acceptance c r i t e r i a .  No sample s  shal l  fa i l  th is  examination. 
6,O SUBSTRATE SIZING 
6 ,  1. Scope 
This  p r o c e s s  s tep  involves the methods ,  equipment,  and con t ro l s  u sed  
by the manu fac tu r e r  to cut  (e. g . ,  saw, s c r i be ,  b r eak ,  etc.  ) the subs t r a t e  to 
the p r o p e r  s i ze  so that  i t  will p rope r ly  f i t  within the package enc losure .  Th i s  
s tep  m a y  cons i s t  of sizing a n  individual subs t r a t e  containing one c i rcu i t  o r  of 
separa t ing  s e v e r a l  c i r cu i t s  f o rmed  on the s a m e  subs t r a t e  (i. e. , such a s  by 
using step-and- repea t  mul t ip le  pa t t e rn s )  into a number  of s m a l l e r  individual 
subs t ra tes .  This  p r o c e s s  s tep  is not  intended to cove r  the methods  u sed  to 
s c r i be ,  d ice ,  o r  o therwise  s ize  semiconduc tor  chips ,  capac i to r  chips ,  o r  
s i m i l a r  d i s c r e t e  chips  which a r e  eventually intended f o r  mounting on 
subs t ra tes .  
Refe rences .  F igu re  1 shows the posit ion of the subs t r a t e  s iz ing 
p r o c e s s  s tep  in re la t ion to the ove ra l l  hybrid m i c r o c i r c u i t  operat ion.  The 
posi t ion of th i s  p r o c e s s  s tep  m a y  v a r y  widely depending upon the p a r t i c u l a r  
p roce s s ing  s t ep s  which p r ecede  o r  follow the subs t r a t e  s iz ing ope ration. The 
flow c h a r t s  in  Exhibi ts  2 and 3 (Appendix A) show the speci f ic  posit ion of the 
subs t r a t e  sizing s tep  in a typical  thin f i lm and thick f i l m  fabr icat ion sequence. 
The manufac tu r e r  shal l  include on a s i m i l a r  flow c h a r t  o r  c h a r t s ,  the pos i -  
tion of the subs t r a t e  sizing s tep  i n  re la t ion to h i s  pa r t i cu l a r  fabr ica t ion 
sequence.  
6, 2 Identification of Subs t r a t e s  to be  Sized 
The manufac tu r e r  shal l  identify the subs t r a t e s  to be  s ized  with r e spec t  
to the following. 
6.  2. 1 Fabr ica t ion  type (e.  g. , thick f i lm  subs t r a t e s ;  thin f i lm  s ~ l b s t r a t e s ;  
e tc ,  ) F 
6-2. 2 Mate r i a l  and th ickness  (e .g . ,  unglazed a lumina,  0. 025-inch 
thick;  e tc. ) 
6,  2,  3 Size and to le rance  (e. g., 0. 750 f 0. 005 inch x 0. 750 f 0. 005 inch, e t c . )  
6. 2. 4 Condition of subs t ra te  (e. g. , thick f i lm  subs t r a t e s  s ized p r i o r  to 
sc reen ing  and f i r ing;  thin f i lm subs t r a t e s  s ized following photoetching, but 
p r i o r  to t r imming;  e t c . )  
6. 3 Identification of Substra te  Sizing Method 
The manufac ture r  shall  identify each  of the subs t ra te  sizing methods 
to be cer t i f ied .  
6. 3.  1 Method (e. g. , diamond sc r ibe  and manual ly  b reak ;  saw; diamond 
sc r ibe  and machine f r ac tu r e ;  subs t r a t e s  purchased  f r o m  vendor  p r ecu t  to 
s ize ;  l a s e r  scr ibing;  etc. ) 
6 .4  Identification of Substra te  Sizing Controls  
F o r  each  combination of subs t ra te  s iz ing method and subs t ra te  type, 
the manufac ture r  shal l  identify the subs t ra te  sizing controls .  
6.4. 1 Diamond scr ibing of thin f i lm unglazed a lumina subs t ra tes .  
a .  Diamond type ( e .  g. , 4- sided, etc.  ) 
b. Diamond angle (e .  g . ,  20 d e g r e e s  f 5 deg ree s ,  e tc . )  
c. Diamond p r e s s u r e  (e. g. , p r e s s u r e  controlled by manually adjust -  
ing spr ing tension to within f 40 g r a m s  of the p r e s c r i b e d  value;  
etc. ) 
d. Accuracy  of cut (e. g. ,  m i c r o m e t e r  adjus tment  s e t  by ope ra to r  to 
within 0.005-inch i n  e i t he r  width o r  length;  e tc . )  
e. Method of breaking sc r ibed  subs t r a t e s  (e.  g, , subs t r a t e s  manual ly  
broken by ope ra to r  along sc r ibed  l ine;  etc. ) 
f. Subs t ra te  hold-down (e. g . ,  subs t ra te  held i n  spring-loaded 
c lamp;  etc. ) 
g. Scribing speed (e.  g. , ope ra to r  manual ly  controls  speed of 
diamond tool, etc. ) 
6.4. 2 Sawing of thick f i lm unglazed alumina subs t ra tes .  
a. Subs t ra te  hold-down (e. g . ,  subs t r a t e s  bonded to cutting block 
us ing specia l  cement  a t  +160° C ,  etc.  ) 
b. Saw blade type and th ickness  (e. g., 10-mil  wide diamond 
blade,  e t c . )  
c ,  Speed of cut  (e. g. , t r a n s v e r s e  t r ave l  of saw blade manua l ly  con- 
t ro l l ed  by ope r a t o r  to approximately  10 inches  /minute ,  etc.  ) 
d, Depth of cut  (e.  g. , depth of cut  p r e - s e t  by m i c r o m e t e r  ad jus tment  
to cut  complete ly  through subs t r a t e ,  e t c . )  
e, Accuracy  of cut  (e. g . ,  m i c r o m e t e r  ad jus tment  p r e - s e t  by ope ra to r  
to within 0. 005-inch in  e i t he r  width o r  length,  etc.  ) 
f .  C lean l iness  (e. g. , a f t e r  cutting, o p e r a t o r  demounts  subs t r a t e  
f r o m  block and c l eans  subs t r a t e  by success ive  solvent r i n s e s ;  etc. ) 
6.  5 Documentation 
The manufac tu r e r  shal l  fu rn i sh  evidence of: 
6 ,  5, E P r o c e s s  documentation (e. g. , diamond sc r ib ing  documented i n  Ae ro -  
space  Engineer ing P r o c e s s  Ins t ruct ion AEPI  XXXX, Rev. B; subs t r a t e  
sawing documented in  p r o c e s s  specif icat ion H P  XXX and p r o c e s s  ins t ruc t ion  
Pi  XXXX; etc.  ) 
6,5,2 T e s t  data. T e s t  data  substantiat ing tha t  the subs t r a t e  sizing p r o c e s s  
u sed  in no way affects  the e l e c t r i c a l  pe r fo rmance  of the hybr id  mic roc i r cu i t .  
6 - 6  Inspection and Quali ty Assu rance  
The manufac tu r e r  shall  identify h i s  inspect ion and quality a s s u r a n c e  
methods  re la ted  t o  the following. 
6 - 6 ,  I Visual  examination of s i zed  subs t r a t e  (e. g. , s u b s t r a t e s  100 p e r c e n t  
inspected under  30 X magnificat ion fo r  raggedness  of edge,  c r a c k s  i n  sub- 
s t r a t e ,  chips ,  misa l ignment  of cut,  c l ean l iness ,  etc.  ) 
6 - 6 . 2  Dimensions  of s ized subs t r a t e  (e. g. ,  the length  and width of the 
s ized  s u b s t r a t e s  a r e  m e a s u r e d  us ing v e r n i e r  c a l i pe r s  a ccu ra t e  to 
10, 001 inch,  m e a s u r e m e n t  is done on  a sampl ing b a s i s  - one out of e v e r y  
5 subs t r a t e s ,  e t c . )  
6. 7 Demonstra t ion of Substra te  Sizing 
F o r  each  combination of subs t ra te  sizing method and subs t ra te  t y p e ,  
the manufac ture r  shal l  demons t ra te ,  us ing documented p rocedu re s ,  the sub- 
s t r a t e  sizing p r o c e s s  and the con t ro l s  used. A min imum of 10 individual 
subs t r a t e s  shal l  be s ized,  cleaned (if appl icable) ,  examined under  30 X 
magnification,  and dimensionally m e a s u r e d  to the specified to le rance ,  Th is  
demonstra t ion shal l  include the sizing of mul t ip le  subs t ra te  pa t t e rn s  ( i f  
applicable) a s  well a s  the sizing of individual subs t r a t e s  containing only one 
c i r cu i t  patte rn. 
7 . 0  TRIMMING 
7. 1 Scope 
This  p r o c e s s  s tep  basical ly  involves the methods,  equipment,  and con- 
t r o l s  used by the manufac ture r  to t r i m  ( o r  adjus t )  pass ive  components to the 
va lues  and to le rances  specified and to i n su re  that  the t r imming  operat ion i s  
under  control  and will produce consis tent  resul ts .  More specifically th is  
p r o c e s s  s tep  i s  p r i m a r i l y  concerned with the t r imming  of thick f i lm and thin 
f i lm r e s i s t o r s .  However, a l so  included within the scope of th is  p r o c e s s  
s tep  i s  the t r imming  of o ther  pa s s ive  components,  such a s  capac i to rs ,  if 
applicable. In addition th is  s tep  i s  intended to include the t r imming  of 
pass ive  chip components,  a s  well a s  those pass ive  components fo rmed  
-
di rec t ly  on the subs t ra te .  
References:  F igu re  1 shows the posit ion of the t r imming  s tep in rela- 
tion to the ove ra l l  hybrid mic roc i r cu i t  operation.  The flow c h a r t s  in 
Exhibi ts  2 and 3 (Appendix A) show the specific posi t ion of the t r imming  
s tep  in  re la t ion to the thick f i lm and thin f i lm fabr icat ion p roces se s .  The 
manufac tu re r  shal l  include a s i m i l a r  flow c h a r t  a s  p a r t  of h i s  cert if ication,  
7 .2  Identification of P a r t s  to be T r i m m e d  
The manufac tu re r  shall  identify: 
7.2.  1 Types  of devices  to be t r i m m e d  (e. g. , thick f i l m  r e s i s t o r s ;  thin f i lm 
r e s i s t o r s ;  capac i to r  chips ;  etc.)  
7-2.2 The range of va lues  of the devices  no rma l ly  t r i m m e d  (e. g. , thin f i lm  
r e s i s t o r s  f r o m  10 ohms  to lOOK ohms ;  thick f i lm r e s i s t o r s  f r o m  10 o h m s  to 
I rnegohrn; etc.  ) 
7, 2 ,  3 The t r imming  to le rance  (e. g. , * 0. 1 pe rcen t ;  * 2 percen t ;  f 10 percen t ;  
etc, ) 
7,2,4 Special  requirements .  Any specia l  c i r cu i t  o r  design requ i rements  
re la ted to the t r i m m i n g  p r o c e s s  (e. g., r e s i s t o r  to le rances  2 2 0  pe rcen t  do 
not requ i re  t r imming;  r e s i s t o r s  "hot t r i m m e d "  with the c i rcu i t  operat ing to 
a specified c i rcu i t  output voltage when required;  e tc . )  
7, 3 Identification of T r imming  Method and Controls  
The manufac ture r  shall  identify: 
7,  3, 1 The t r imming  method (e. g . ,  l a s e r  t r imming  f o r  thin film r e s i s t o r s ;  
a i r  abras ive  t r imming  f o r  thick f i lm r e s i s t o r s ;  e tc . )  
7, 3, 2 T r imming  controls.  
a,  Device p a r a m e t e r  moni tor ing (e. g. , 5-place digital  ohmmete r  
continually observed  by ope ra to r ;  automat ic  r e s i s t ance  monitoring 
to a p r e s e t  to le rance ;  etc. ) 
b, Cleanl iness  (e .  g. , t r imming  shal l  be done i n  a controlled a r e a ;  
subs t r a t e s  shall  be handled only with tweeze r s  o r  gloves;  a f t e r  
t r imming ,  a l l  p a r t s  a r e  c leaned to remove any contamination,  
chips ,  etc.  f r o m  the networks;  e tc . )  
c ,  Equipment  controls  (e. g. , digital  ohmmete r  o r  digital  vo l tmete r  
cal ibra ted eve ry  120 working days ;  a i r b r a s i v e  nozzle s ize  se lected 
to ma tch  r e s i s t o r ;  m i c r o m e t e r  ad jus tments  to control  movement  
of p a r t  under  l a s e r  beam;  opera tor  controls  focus of l a s e r  
beam;  etc. ) 
d, Speed (e .  g. ,  table t rave l  speed under  nozzle o r  b e a m  manual ly  
controlled by  ope ra to r ;  e tc . )  
e, Optics  (e. g. , ope ra to r  o b s e r v e s  t r imming  operat ion under  
7 X - 30 X magnification,  e tc . )  
7.4 Documentation 
The  manufac tu r e r  shall  fu rn i sh  evidence of the following. 
7. 4. 1 Specificat ion control .  Specificat ion control  of t r imming  p r o c e s s ,  
7. 4.2 T e s t  data. T e s t  data  showing the effects  of the t r imming  p r o c e s s  used  
on the p a r t  p a r a m e t e r s  (e. g. , the r e s i s t o r  d r i f t  does  not  exceed 1. 5 pe r cen t  
p e r  1000 hours  when tes ted  under  burn- in  conditions, e t c . )  
7. 5 Inspection and Quali ty Assu rance  
The manufac tu r e r  shal l  identify h i s  inspection and quali ty a s s u r a n c e  
methods  re la ted  to the following. 
7. 5. 1 Visua l  inspection of t r i m m e d  p a r t  f o r  workmanship  (e. g. , t r immed  
r e s i s t o r s  examined under  30 X magnificat ion fo r  ragged t r i m  l ine ,  t r imming  
confined to des ignated a r e a ,  phys ica l  damage  due to t r imming ,  impur i t i e s  
o r  fore ign m a t e r i a l s  l e f t  a f t e r  t r imming ;  etc.  ) 
7. 5. 2 E l e c t r i c a l  (e.  g. , r e  s i s t ance  value within speci f ied  l i m i t s  a s  m e a s u r e d  
on a 5-place digital  ohmmete r ,  etc. ) 
7. 5. 3 Inspectio,n l eve l  (e. g . ,  100 p e r c e n t  of a l l  t r i m m e d  r e s i s t o r s ,  e t c , )  
7. 5. 4 Packaging (e. g . ,  t r i m m e d  s u b s t r a t e s  packaged individually i n  anti- 
s t a t i c  bags  and s t o r ed  i n  d r y  n i t rogen  cabinet  unti l  next  operat ion,  etc.  ) 
7. 5. 5 Identification (e. g . ,  t r i m m e d  subs t r a t e s  c l e a r l y  identified by lo t  
numbe r  a n d / o r  s e r i a l  numbe r  to p e r m i t  t r aceab i l i ty ,  e t c . )  
7.6 Demonstra t ion of T r imming  P r o c e s s  
F o r  e ach  type of device to be  t r i m m e d  and f o r  e a c h  t r imming  method 
used ,  the manu fac tu r e r  sha l l  demons t r a t e ,  us ing documented p r o c e d u r e s ,  
the t r imming  p r o c e s s .  Th is  demons t ra t ion  will cons i s t  of t r imming  10 
dev i ce s  of e a c h  type within the i r  specif ied to le rances ,  including a magnified 
v i sua l  examinat ion a f t e r  t r imming  and a n  e l e c t r i c a l  ver i f ica t ion of the 
device  value  s . 
8,O PARTS MOUNTING 
8, B Scope 
This  p r o c e s s  s tep involves the methods,  equipment,  and con t ro l s  u sed  
by the manufac ture r  to mount o r  a t tach d i s c r e t e  components to the subs t r a t e  
o r  package. More specifically th is  p r o c e s s  s tep  conce rns  the mounting of 
semiconductor  chips,  capaci tor  chips,  r e s i s t o r  chips,  etc.  to the thin f i lm 
o r  thick film subs t ra te  o r  to the package. In addition th i s  p r o c e s s  s tep  a l so  
includes the mounting o r  a t tachment  of the thick f i lm o r  thin f i lm  subs t ra te  
within the package enc losure ,  if applicable. 
References:  F igu re  1 shows the posit ion of the p a r t s  mounting s tep  i n  
re la t ion to the overa l l  hybrid mic roc i r cu i t  operation.  The flow c h a r t  in  
Exhibit  4 (Appendix A) shows the specific posi t ion of the p a r t s  mounting s teps  
in  relat ion to the hybrid mic roc i r cu i t  a s sembly  operat ion,  together  with the 
m a t e r i a l s  used and inspection stat ions.  The manufac tu re r  shal l  include a 
s i m i l a r  flow cha r t  a s  p a r t  of h i s  cer t i f ica t ion showing the va r ious  p a r t s  
mounting s teps  in the i r  p r o p e r  sequence. 
8 , 2  Identification of P a r t s  to be Mounted and Configuration 
The manufac ture r  shall  identify the types of p a r t s  to be mounted: 
8, 2, 1 Semiconductor chips (e. g. , t r a n s i s t o r s ;  diodes;  in tegra ted  c i r cu i t s ;  
etc, ) 
8 . 2 ,  2 P a s s i v e  device chips (e. g. , capac i to rs ;  r e s i s t o r s ;  etc. ) 
8, 2, 3 Subs t ra tes ,  if applicable (e. g. ,  thin f i lm subs t ra te ;  thick f i lm 
subs t ra te ;  etc. ) 
8. 2 ,  4 Configuration (e. g. , r egu l a r  face-up chips;  beam l ead  chips;  flip- 
chips ;  molytab-mounted chips;  l e ad l e s s  inver ted dev ices  (LID); rec tangula r  
capaci tor  chips meta l ized  on each  end; etc. ). A ske tch  of the pa r t i cu l a r  
chip configuration m a y  be u sed  f o r  clarif ication.  See F igu re  2. 
REGULAR FACE-UP CHlP FLIPCHIP 
CAPACITOR CHlP 
METALLIZED AT ENDS 
LID DEVICE 
Figu re  2. Chip configuration examples .  
8, 3 Identification of Mounting Mater ia l  
The manufac ture r  shall  identify the mounting m a t e r i a l s  used  f o r  each  
p a r t  type and p a r t  configuration to be cert if ied.  A sketch m a y  be used  for 
clarif ication.  See F igure  3. 
SEMICONDUCTOR CHlP NnN-CONnllCTPVF 
CONDUCTIVE 
EPOXY \ /PAD AREA 
. . -, . - - . . - - - . . - 
EPOXY 
NONCONDUCTIVE 
\ 
THICK FILM SUBSTRATE 
Figu re  3. I l lus t ra t ion of m a t e r i a l s  used  in  mounting p a r t s  
and sub s t r a t e  s. 
8. 3. 1 Semiconductor chips (e. g . ,  conductive s i l ve r  epoxy; etc.  ) 
8. 3. 2 P a s s i v e  device chips (e. g., non-conductive epoxy; e tc. ) 
8. 3. 3 Subs t r a t e s  (e. g . ,  non-conductive epoxy; e tc . )  
8,4 Identification of Mounting Method 
The manufac ture r  shall  identify the mounting method u sed  for e ach  p a r t  
type and p a r t  configuration to be cert if ied.  
8, 4, 1 Semiconductor chips (e.  g . ,  ope ra to r  manual ly  posi t ions  chip on dot 
of conductive epoxy using vacuum pencil ,  the epoxy i s  subsequently oven 
cured ;  ope ra to r  manual ly  posi t ions  p r e f o r m  on bonding pad,  molytab chip is 
automat ical ly  picked up and positioned ove r  p r e fo rm,  pa ra l l e l  gap e l ec t rodes  
are posit ioned on ends  of p r e f o r m  and c u r r e n t  flows sufficiently to m e l t  p r e -  
f o r m  and f o r m  die bond; etc.  ) 
8-4, 2 P a s s i v e  device chips (e. g. , ope ra to r  manual ly  p r e s s e s  capaci tor  chip 
on spot of non-conductive epoxy using vacuum pencil ,  adhesive i s  subse-  
quently oven cured ;  e tc . )  
8-4.3 Subs t ra tes  (e. g. ,  ope ra to r  s p r e a d s  non-conductive epoxy on package 
mounting a r e a  with specia l  tool and on back of thin f i lm subs t ra te ;  ope ra to r  
then posi t ions  and p r e s s e s  subs t ra te  on mounting a r e a  using tipped tweeze r s ;  
adhesive is subsequently oven cured ;  etc. ) 
8, 5 Identification of Mounting Controls  
F o r  each  combination of p a r t  type, configuration,  ma te r i a l ,  and mount-  
ing method,  the manufac ture r  shal l  identify the con t ro l s  u sed  f o r  p a r t s  
mounting. These  con t ro l s  shal l  include the following, if applicable. 
8, 5,  il Cleanl iness  (e. g.,  p a r t s  to be mounted shal l  be f r e e  of fore ign ma te -  
rial, cor ros ion ,  etc. ; p a r t s  c leaned p r i o r  to mounting by  i m m e r s i o n  in  
boiling solvent followed by solvent r i n se ;  etc. ) 
8, 5 .2  Ambient (e. g . ,  p a r t s  mounting done i n  control led a r e a ;  chip die 
bonding done under  ni t rogen a tmosphere  a t  2 cfm; e tc . )  
8, 5. 3 Tempera tu r e  (e. g . ,  oven t empera tu r e  controlled to XXXO f 3' C and 
ca l ib ra ted  e v e r y  3 months;  e tc . )  
8. 5.4 T ime  (e. g. , adhesive  c u r e  t ime  controlled to XX hours  f 2. 5 hou r s ;  
pa r a l l e l  gap pulse  durat ion s e t  a t  1000 mi l l i seconds ;  etc. ) 
8. 5. 5 P r e s s u r e  (e. g. , ope ra t o r  manual ly  con t ro l s  p r e s s u r e  by a ided visual  
observa t ion  of adhesive  f i l let  along p e r i m e t e r  of chip; etc.  ) 
8. 5.6 Voltage (e. g . ,  voltage pulse  p r e s e t  at 0. 55 volts  on constant  voltage 
power  supply, etc.  ) 
8. 6 Identification of Mate r ia l  Controls  
F o r  e ach  mounting m a t e r i a l  used ,  the manu fac tu r e r  shal l  identify h i s  
m a t e r i a l  controls .  These  con t ro l s  shal l  include the following, i f  applicable,  
8.6. 1 Composit ion (e.  g . ,  the non-conductive adhesive  composit ion i s  XX pbw 
adhesive  and XX pbw ca ta lys t  a s  weighed on  a ca l ib ra ted  g r a m  sca l e ;  the 
so lder  al loy composit ion i s  60 Sn - 36 P b  - 4 Ag a s  de te rmined  by e i t he r  
wet-chemical  o r  spectrochemical-analysis techniques  p e r  Methods 111. 2 o r  
112. 2 of F e d e r a l  T e s t  Method s t anda rd  No. 151; e t c . )  
8 .6 .2  Shea r  s t reng th  (e. g . ,  the lap  s h e a r  s t reng th  of the non-conductive 
adhesive  shal l  be a m i n i m u m  of 1900 p s i  when tes ted  a t  r oom t empe ra tu r e  
p e r  ASTM D1002; e t c . )  
8.6. 3 E l e c t r i c a l  r es i s t iv i ty  (e. g . ,  the e l e c t r i c a l  r es i s t iv i ty  of the ccsnduc-- 
- 4 t ive adhesive  shal l  not exceed 5 x 10  ohm-cm a t  50 mi l l i amps  of c u r r e n t ;  
e tc .  ) 
8 .6 .4  Outgass ing (e. g., the conductive adhesive  sha l l  not r e l e a s e  visible 
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condensable m a t e r i a l  during 5 days  exposure  to $160' C under  1 x 1 0  t o r r  
vacuum,  etc. ). 
8. 7 Documentation 
The manufac tu r e r  shal l  f u rn i sh  evidence of the  following. 
8. 7. 1 P r o c e s s  documentatio.n (e. g. , p a r t s  mounting by non-conductive 
adhesive  i s  covered  by  p r o c e s s  specif icat ion HP XXXX and by P r o c e s s  
Instructian PI XXXX; eutectic die bonding to Molytabs cove red by p r o c e s s  
specification HP XXXX and by P r o c e s s  Instruction PI XXXX; etc . )  
8, 7. 2 Tes t  data. Tes t  data showing that  p a r t s  mounted by the manufac turer ' s  
p r o c e s s e s  a r e  capable of passing the environmental  t e s t  p rocedures  l is ted in 
Table 9, 
Table 9. Environmental  t e s t  procedures .  
Tes t  I Reference 
f i g h  Temp. Storage MIL-STD-883 
Temp, Cycling 0 1 MIL-STD-883 
Mech.  shock@ 
Acce3.e ration 0 
The rmal Shock 
I 
0 
Method Condition 
10 0 8 B 
A 
10 14 A and C 
@ Ei ther  tempera ture  cycling o r  thermal  shock m a y  be specified. 
@ Ei ther  mechanical  shock o r  accelerat ion may  be specified. 
8, 8 Inspection and Quality Assurance  
The manufac turer  shall  identify his inspection and quality a s su rance  
methods related to the following. 
8, 8, P Visual inspection of mounted p a r t  (e. g. ,  100 percent  inspection of all  
mounted p a r t s  a t  30 - 50 X magnification to determine compliance with 
workmanship requi rements  and visual  acceptance c r i t e r i a ,  including or ienta-  
tion, tilt ,  c r a c k s  o r  b reaks  in chip o r  subs t ra te ,  excessive ma te r i a l  flow, 
adequate bond fillet,  cleanliness,  and potential e lec t r ica l  shor t s ;  etc. ) 
8, 8, 2 Strength (e. g. , the s t rength of a eutectic die bonded chip shal l  be a 
min imum of 300 g r a m s  when subjected to a shear ing load p e r  MIL-STD-883, 
Method 201 1,  Condition F, etc. ) 
8, 8, 3 E lec t r i ca l  (e. g., the saturat ion voltage of the mounted chip when tes ted  
p e r  MIL-STD-750B, Method 3071 shal l  not exceed the ra ted value for  that 
par t icu la r  chip type, etc. ) 
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8.9 Demonstra t ion of P a r t s  Mounting 
F o r  each  combination of p a r t  type, configuration, ma te  r i a l ,  and mounting 
method to be cer t i f ied ,  the manufac ture r  shal l  demons t ra te ,  us ing documented 
p rocedu re s ,  the p a r t s  mounting operation.  This  demonstra t ion shal l  consis t  
of mounting 3 p a r t s  of e ach  type, configuration, and m a t e r i a l  showing the 
controls  used. These  p a r t s  shal l  be visually inspected under  30 - 50 X mag-  
nification and mechanical ly  a n d / o r  e lec t r i ca l ly  tes ted,  i f  applicable,  to 
demons t ra te  the in tegr i ty  of the p a r t s  mounting proce  s s. 
9 .0  INTERCONNECT BONDING 
9. 1 Scope 
This  p r o c e s s  s tep includes those m a t e r i a l s ,  p r o c e s s e s  and controls  
involved in e lec t r i ca l ly  interconnecting active and pass ive  chip components 
to the bonding pads  of the subs t r a t e s ,  to the output l e ads  ( o r  p ins)  of the 
package,  o r  to each  other .  This  s tep  a l so  includes  the m a t e r i a l s ,  p r o c e s s e s  
and controls  involved in e lec t r i ca l ly  interconnecting the input-output c i r -  
cu i t ry  on the subs t ra te  to the l e ads  ( o r  p ins)  of the package. More  specifi-- 
ca l ly  th i s  p r o c e s s  s tep  includes  such p r o c e s s e s  a s :  the rmocompress ion  
wi re  bonding, u l t rason ic  wire  bonding, flip-chip bonding, beam-lead bonding, 
m i c  rosolde ring, pa r a l l e l  gap welding, etc. 
References .  F igu re  1 shows the posit ion of the in terconnect  bonding 
s tep  in re la t ion to the overa l l  hybrid mic roc i r cu i t  operation.  The flow cha r t  
in  Exhibit  4 (Appendix A)  shows m o r e  specifically the in terconnect  bonding 
p r o c e s s e s  (i. e. , the rmocompress ion  and u l t rason ic  wi re  bonding) and the 
applicable wi re  types in re la t ion to a typical  hybrid mic roc i r cu i t  a s sembly  
p roces s .  The manufac ture r  shal l  include a s i m i l a r  flow cha r t  a s  p a r t  of h i s  
cer t i f ica t ion showing the in terconnect  bonding p r o c e s s e s  and ma te  r i a l s  in 
t he i r  p r o p e r  sequence. 
9 .2  Identification of Bond Types  
The manufac tu re r  shall  identify each  type of in terconnect  bonding to be 
cert if ied.  A ske tch  of the pa r t i cu l a r  bond types  to be cer t i f ied  m a y  be used  
fo r  c lar i f ica t ion s ince  i t  i s  real ized that  a manufac ture r  m a y  u s e  many  
combinations of in terconnect  bonding techniques  and m a t e r i a l s  in a single 
hybrid,  See F igu re  4. 
9, 2 .  1 Type of l ead  o r  in terconnect  (e. g. , flying w i r e ;  b e a m  lead ;  f l ip chip;  
e tc ,  ) 
9, 2, 2 Lead  o r  in terconnect  m a t e r i a l  (e. g . ,  a luminum wi r e ;  gold wi re ;  
gold beam;  so lder  bump; s i lver- f i l led  conductive epoxy; e t c . )  
9. 2 ,  3 In terconnect  technique (e. g. , ul t rason ic  bond; the rmocompre  s s ion  ba l l  
bond; so lder  reflow; conductive adhesive;  wobble bond; e tc. ) 
9, 2 . 4  Main usage of e ach  in terconnect  bonding p r o c e s s  (e. g. , face-up s e m i -  
conductor chips  u l t rason ica l ly  bonded to thin f i lm c i r c u i t r y  using 1 -mil 
a luminum wi r e ;  capac i to r  chips  the rmocornpre  s sion bal l  bonded to thick 
f i lm c i r cu i t r y  us ing 2 -mi l  gold wi re ;  e t c . )  
9, 3 Identification of In terconnect  Bonding Mate r ia l  Cont ro l s  
Th.e manu fac tu r e r  shal l  identify the con t ro l s  u sed  f o r  e ach  of the i n t e r -  
connect  bonding m a t e r i a l s  to be  cert if ied.  These  con t ro l s  sha l l  include the 
following, if applicable.  
9. 3 ,  1 Size (e. g . ,  gold wi re  0.002 f 0. 0002 inch i n  d i a m e t e r  a s  de te rmined  
-
b y  weighing a 20 c m  length on an  analyt ica l  balance accu ra t e  to  0. 01 milli- 
gram, the spec imen  shal l  weigh 7. 82 m i l l i g r a m s  z t l O  p e r cen t ;  a luminum 
wi re  0, 001  0. 0001 inch  i n  d i a m e t e r  a s  de te rmined  by weighing a 100 c m  
length on an analyt ica l  balance accu ra t e  t o  0. 01 mg. , the spec imen  shal l  
weigh 1, 370 mg. rt 10 pe r cen t ;  etc.  ) 
9,  3 ,  2 Composit ion (e. g. , a luminum wi re  with 0. 8 - 1. 2 p e r c e n t  s i l icon a s  
de te rmined  by chemica l  o r  spec t roscop ic  ana lys i s  p e r  Method 111 o r  
Method 112  of F e d e r a l  T e s t  Method Standard 151; gold w i r e  99. 99 p e r c e n t  
m in imum pu r i t y  a s  de te rmined  by spec t roscop ic  ana lys i s  p e r  Method 112 of 
F e d e r a l  T e s t  Method Standard 151; e tc . )  
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Figu re  4. Sketches showing typical  bond types,  m a t e  r i a l s ,  and techniques 
which might  be used i n  the interconnection of hybr id  m i c r o -  
c i r cu i t  components. 
9. 3, 3 Elongation a n d / o r  breaking s t reng th  (e. g. , breaking s t rength of 1 -mil 
a luminum wire  to be 15 - 18 g r a m s  a s  de te rmined  by test ing 3 spec imens  p e r  
ASTM-E-8 using a 10-inch gauge length; elongation of 2-mil  gold wi re  to be 
f r o m  3 to 8 pe rcen t  a s  de te rmined  by  test ing 3 spec imens  p e r  ASTM-E-8 
using a 10-inch gauge length; etc. ) 
9. 3 . 4  Workmanship (e. g . ,  e ach  spool of wire  shal l  be visually examined for 
kinks,  n icks ,  cor ros ion ,  fore ign ma te r i a l ,  and p rope r  spooling, e tc . )  
9 ,  3, 5 Storage (e. g. , except when in u se ,  spooled wi re  sha l l  be s t o r ed  under  
d r y  nitrogen a tmosphere  a t  6 - 10 cubic m i l l i m e t e r s  p e r  minute flow ra te  o r  
in a p las t i c  cabinet  with dess ican t ;  etc. ) 
9-4 identification of Bonding Controls  
F o r  each  combination of in terconnect  bonding technique and m a t e r i a l  to 
be cer t i f ied ,  the manufac ture r  shal l  identify the controls  used. 
9,4. i Bond schedules  (e. g. ,  opt imum bond schedules  a r e  de te rmined  f o r  
each m a t e r i a l  combination by m e a n s  of i sos t reng th  o r  i so force  d i ag rams ,  
p r o c e s s  control  l i m i t s  to be calculated f r o m  a sample  of 25 bonds using a 
3 s igma lower  control  l imi t ;  etc. ) 
9,4.2 P r e s s u r e  o r  fo rce  (e. g . ,  tip p r e s s u r e  s e t  a t  27 g r a m s  to comply with 
bonding schedule us ing a 0 - 50 g r a m  gauge, e tc . )  
9.4. 3 Time o r  durat ion (e. g . ,  Channel 1 and Channel 2 t ime  con t ro l s  s e t  a t  
2 , 0  to comply with bonding schedule;  t ime -a t - t empe ra tu r e  s e t  to comply with 
bonding schedule;  etc. ) 
9-4.4 Power ,  voltage, o r  cu r r en t ,  if applicable ( e .  g. , power  control  s e t  a t  
2 ,  5 to comply with bonding schedule;  etc.)  
9 .4 ,  5 Tempera tu r e ,  if applicable (e. g.,  tip t empe ra tu r e  control  s e t  a t  31 
to comply with bonding schedule;  stage t empe ra tu r e  s e t  a t  300°C;  etc. ) 
9.4.6 Cal ibra t ion o r  tuning (e. g. , bonder  ca l ib ra ted  p r i o r  to e a c h  new se  t-up 
and e v e r y  4 hou r s  when in u se ;  bonder  re -ca l ib ra ted  a f t e r  any change in 
operat ing conditions, such a s  tip rep lacement  o r  moving equipment to a n e w  
location;  etc.  ) 
9.4.  7 Ambient  (e. g. , no spec ia l  ambien t  used ;  bonding done unde r  n i t rogen 
blanket  a t  2 cfm;  etc.  ) 
9. 4. 8 Cleanl iness  (e. g. , a t  the  beginning of e ach  shift,  the bonder s1~alZ be 
complete ly  wiped down to remove  a l l  dus t  pa r t i c l e s  and sur face  contarnina- 
tion, the bonding t ip  sha l l  be c leaned with l e n s  t i s sue  mois tened  in methyl  
alcohol and blown d r y  with nitrogen; the ope ra to r  sha l l  w e a r  f inger  cover ing 
dur ing a l l  l ead  bonding opera t ions  i n  which f i nge r s  come in contact  with the 
bonding w i r e ,  w i r e  spool, bonding tip, bonding s tage ,  o r  subs t r a t e s ;  flux 
remova l  shal l  be  accomplished by success ive  r i n s e s  with l ight  brushing in 
flux r e m o v e r ,  methy l  alcohol,  and spec ia l  solvent  unti l  a l l  r e s i dues  are com-  
ple te ly  removed a s  de te rmined  by a 20  X magnificat ion visual  examinat ion;  
etc. ) 
9. 5 Documentation 
The manufac tu r e r  shal l  fu rn i sh  evidence of the following. 
9. 5. 1 P r o c e s s  documentation (e. g. , ul t rason ic  bonding p r o c e s s e s  docu- 
mented  by p r o c e s s  specif icat ion HP XXXX and p r o c e s s  ins t ruc t ion  PI XXXX; 
the rmocompre  s sion bonding p r o c e s s e s  documented by p r o c e s s  specif icat ion 
HP  XXXX and p r o c e s s  ins t ruc t ion  PI XXXX; e tc . )  
9. 5. 2 Visual  inspection c r i t e r i a .  Visua l  inspect ion c r i t e r i a  sha l l  be avail- 
ab le ,  such  a s  ske tches  o r  photographs,  f o r  e ach  type of in terconnect  bonding 
to be ce r t i f i ed  showing acceptable  and re jectable  condit ions where  applicable,  
9. 5. 3 Envi ronmenta l  t e s t  data.  T e s t  data  showing that  p a r t s  in terconnected 
by the bonding p r o c e s s  to be  ce r t i f i ed  a r e  capable  of pa s s ing  the  environmental  
t e s t s  l i s t ed  in  Table  9 (Section 8. 7). 
9, 5.4 T ime- t empe ra tu r e  t e s t  data. T e s t  data  showing the effects  of t ime  
and t empe ra tu r e  on the s t reng th  a n d / o r  r e s i s t ance  of the in terconnect  bond- 
ing p r o c e s s  (e. g. , no evidence of t he rmocompres s ion  bond s t reng th  deg ra -  
dation a f t e r  1500 hou r s  a t  t150° C; 46. 8 p e r c e n t  d e c r e a s e  in  u l t rason ic  bond 
s t reng th  a f t e r  400 hou r s  a t  $150: C; e tc . )  
9 ,  5, 5 C u r r en t  fatigue t e s t  data. T e s t  data,  if avai lable ,  showing the effects  
of c u r r e n t  fatigue on wi re  bonds (e. g . ,  no f a i l u r e s  a f t e r  15, 000 cyc l e s  a t  
50 m i l l i a m p e r e s  on 1 - m i l  a luminum wi re  u l t rason ica l ly  w i r e  bonded to 
t r a n s i s t o r  chips  with c u r r e n t  cycled on and off a t  2-minute in te rva l s ,  chips  
ope rat ing a t  max imum ra ted  power ;  etc. ) 
9-6 Inspection and Quality Assu rance  
The manufac tu r e r  shal l  identify h i s  inspection and quality a s s u r a n c e  
methods  re la ted  to  the following. 
9-4, 4 Visual  inspect ion of in terconnect  bonds (e. g . ,  100 pe r cen t  p r e - s e a l  
v i sua l  inspection a t  30 - 50 X magnificat ion p e r  v i sua l  acceptance c r i t e r i a  
fo r  r equ i r emen t s  such  a s  l i f ted bonds, excess ive  deformat ion,  misa l ignment ,  
exce s s ive  sag,  etc.  ; 100 p e r c e n t  in te rna l  v isual  inspect ion p e r  MIL-STD-883, 
Method 2010, Condition B; etc.  ) 
9,6, 2 Bond s t reng th  (e. g . ,  pull  t e s t s  f o r  bonds sha l l  be pe r fo rmed  p e r  
MIL-STD-883, Method 2011, Condition C using a spec ia l  pull t e s t  f ix ture  
with the di rect ion of pul l  n o r m a l  to the subs t r a t e  and  with a pul l  r a t e  not  
exceeding 1 foot /minute ,  a t  l e a s t  3 pul l  t e s t  spec imens  sha l l  be  m a d e  a t  the 
s t a r t  of each  working shift and a t  no m o r e  than 4-hour i n t e rva l s  dur ing the 
working shift,  the breaking s t reng th  shal l  be recorded  and  compared  with 
the control  l im i t s ,  the fa i lu re  mode shal l  a l so  be r eco rded ;  etc.)  
9,6, 3 Interconnect  bond r e s i s t ance ,  if appl icable  (e. g. , bond r e s i s t ance  
shal l  be de te rmined  at a c u r r e n t  of 10 m i l l i a m p e r e s  us ing a four-point  p robe  
t e s t  setup,  the to ta l  r e s i s t ance  sha l l  be l e s s  than 0. 1 ohms ;  e tc . )  
9 .6 .  "hn- l ine  sc reen ing  t e s t s ,  if applicable (e. g. , p r i o r  to sealing,  e ach  
a s semb led  hybr id  i s  submitted to 5 impac t  shocks  a t  the 2500 G l eve l  in  the 
Y 1  direct ion;  p r i o r  to sealing,  e ach  a s sembled  hybrid i s  submitted to a 
30 second ni t rogen b l a s t  p e r  MIL-STD-883, Method 20 11, Condition E with 
the nozzle positioned 1 - 2 inches  f r o m  the package a t  an a i r  p r e s s u r e  of 
25 * 5 psig;  etc. ) 
9. 7 Demonstra t ion of Interconnect  Bonding 
9. 7. 1 Interconnect  bonding technique. F o r  each  combination of in terconnect  
bonding technique and ma te  r i a l  to be cer t i f ied ,  the manufac ture r  shal l  demon- 
s t r a t e ,  using documented p r o c e s s e s ,  the in terconnect  bonding operation and 
the controls  used. At l e a s t  20 bonds of each  type shal l  be made  and inspected 
p e r  the manufac tu re r ' s  visual  acceptance c r i t e r i a .  Ver i f icat ion of the 
in tegr i ty  of the in terconnect  bonding p r o c e s s  shall  be done by e l ec t r i c a l  andlor 
mechanical  t e s t s ,  such a s  res i s tance  m e a s u r e m e n t s  o r  in-line screening t e s t s  
(e.  g . ,  impac t  shock, ga s  b las t ,  etc. ). The demonstra t ion m a y  be done on 
actual  hybrid mic roc i r cu i t s  o r  on suitable t e s t  pa t t e rn s  which a r e  r ep re sen t a -  
tive of production hybrids.  
9. 7. 2 Bond s t rength testing. The manufac ture r  shal l  demons t ra te  h i s  
method fo r  bond s t reng th  tes t ing and data recording by tes t ing a t  l e a s t  
10 bonds of each  type. 
10.0 PACKAGE SEALING 
10. 1 Scope 
This  p r o c e s s  s tep involves the seal ing of the hybrid mic roc i r cu i t  pack- 
age a f t e r  the p r e - s e a l  v isual  inspection. Included in th is  p r o c e s s  s tep  i s  the 
actual  sealing operat ion,  pos t - sea l  inspection,  l eak  tes t ing,  and cleaning,  i f  
required.  
References .  F igu re  1 shows the posit ion of the package seal ing s tep 
in  re la t ion to the ove ra l l  hybrid mic roc i r cu i t  operation. The flow c h a r t  i n  
Exhibit  4 of Appendix A shows the specif ic  posit ion of th is  s tep  in relat ion to 
the a s sembly  p roces s .  The manufac tu re r  shal l  include a s imi l a r  flow c h a r t  
a s  p a r t  of h i s  cer t i f ica t ion showing the package sealing s t eps  which he u s e s ,  
in t he i r  p r o p e r  sequence. 
10,2 Identification of Package  Type to be Sealed 
The manufac ture r  shall  identify the types  of packages  to be sealed and 
the i r  ma te r i a l s .  
10, 2, 1 Package  type (e. g. , c e r a m i c  f latpack; TO- 8 header ;  a l l -meta l  
plug-in package; etc. ) 
10, 2 ,  2 Package sealing surface  (e. g., gold plated sealing sur face  which has  
been pretinned; gold plated Kovar;  etc. ) 
10, 2 ,  3 Lid o r  cover  m a t e r i a l  (e. g. ,  t in  plated i ron-nickel-cobal t  al loy cover ;  
nickel  cover ;  etc. ) 
10, 3 Identification of Sealing Mater ia l  
The manufac ture r  shall  identify the seal ing ma te r i a l .  
10, 3 ,  1 Sealing m a t e r i a l  (e. g. , SnXX so lder  p e r  QQ-S-571, f o r m  W, type S; 
cap welded, no sealing m a t e r i a l  used;  etc. ) 
1 0 - 4  Identification of Sealing Method 
The manufac ture r  shall  identify the sealing method. 
10,4,  1 Method (e. g . ,  soldered manual ly  with solder ing i ron ,  no flux used ;  
res i s tance  weld; etc. ) 
10, 5 Identification of Sealing Controls  
The manufac ture r  shall  identify the controls  used  in each  sealing 
p r o c e s s  to be cert if ied.  
10,  5, 1 Cleanl iness  (e. g. , l i d s  cleaned p r i o r  to sealing by solvent d e g r e a s e  
for  5 minu tes  and $150' C bake f o r  10 minutes ;  p a r t s  handled with gloves,  
f inger co t s  o r  tweeze r s ;  a l l  sealing su r f ace s  f r e e  f r o m  organ ic  m a t t e r  and 
co r ro s ion  produc ts ;  etc.  ) 
1 0 ,  5 - 2  P r e - s e a l  bake (e. g., packages  and cove r s  baked f o r  X hour  a t  
XXX' C f 5OC in  d r y  ni t rogen flowing a t  a ra te  of 2 cfm; etc. ) 
10, 5. 3 Sealing ambien t  (e. g. , sealing done i n  glove box under  d r y  n i t rogen  
with a flow r a t e  of 1 c fm and a dew point  equa l  to o r  l e s s  than -40' C a s  deter- 
mined by an  Alnor  7000 U Dew Po in t e r ;  etc. ) 
10. 5.4 Sealing schedule (e.  g . ,  weld schedule f o r  seal ing caps  to TO-8 
heade r s  i s  control led  by set t ing e lec t rode  al ignment,  head p r e s s u r e ,  approach 
speed,  squeeze ra te ,  holding t ime ,  and voltage in accordance  with pre- 
es tab l i shed  se t -up schedules ;  seal ing of l i d s  to pre t inned f la tpacks  i s  done 
manual ly  us ing a spe cia1 holding and c lamping f ix ture  and a 60 -watt  
t empera tu re -con t ro l l ed  solder ing i r on ,  the o p e r a t o r  v isual ly  o b s e r v e s  the 
so lder  f i l let  fo rmat ion ;  etc.  ) 
10. 6 Leak  Test ing 
The manufac tu r e r  shall  identify the method o r  methods  u sed  fo r  g r o s s  
and fine l eak  tes t ing to ve r i fy  the in tegr i ty  of h i s  seal ing p roce s s .  The manu- 
f a c t u r e r  shal l  indicate whether l eak  tes t ing is done in-house o r  by a n  outside 
test ing l abora to ry .  
10.6. 1 Fine  leak t e s t  (e.  g . ,  fine l eak  t e s t  done in-house  p e r  MIL-STD-883, 
Method 10 14, Condition A ,  exposure  p r e s s u r e  i s  30 ps ig  fo r  a m in imum of 
2-112 hou r s ;  e tc . )  
10.6.2 G r o s s  l eak  t e s t  (e. g . ,  g r o s s  l eak  t e s t  done in-house  p e r  MIL-STD-883, 
Method 1014, Condition C; only g r o s s  l eak  s tep  1 is pe r fo rmed ;  e tc .  ) 
10.6. 3 Leak  t e s t  con t ro l s  
a. Cleanl iness  (e. g. , a l l  packages  cleaned in  solvent  a f t e r  g r o s s  
l eak  tes t ing,  etc.  ) 
b. Tempera tu r e  (e. g . ,  t e m p e r a t u r e  of FC-43  fluid controlled to 
1-125' c f 5' C, e t c . )  
c. Cal ibra t ion of l eak  de tec to r  (e. g. , helium leak  de tec to r  ca l ib ra ted  
daily using sensi t iv i ty  ca l ib ra to r ,  etc.  ) 
10. 7 Documentation 
The manufac tu r e r  shall  f u rn i sh  evidence of the following. 
6 3  
10, 7, I. P r o c e s s  documentation (e. g. ,  h eade r  capping documented by p r o c e s s  
- 
specif icat ion H P  XXXX and p r o c e s s  ins t ruc t ion  PI XXXX; so lde r  seal ing docu- 
mented  by p r o c e s s  specif icat ion H P  XXXX and  p r o c e s s  ins t ruc t ion  P I  XXXX; 
hermet ic i ty  l eak  tes t ing documented by p r o c e s s  ins t ruc t ion  P I  XXXX; etc.  ) 
10, 7, 2 T e s t  data. T e s t  data  showing t ha t  s ea l ed  packages  a r e  capable of 
withstanding the environmental  t e s t s  l i s t ed  in  Table  9 (Section 8. 7). The 
- 7 
m a x i m u m  leak  r a t e  a f t e r  environmental  tes t ing shal l  not  exceed 5 x 10 
a tmosphe re s  c c l s e c .  
10, 8 Inspection and Quali ty Assu rance  
The manufac tu r e r  shall  identify h i s  inspect ion and quali ty a s s u r a n c e  
methods  re la ted  to the following. 
10, 8, 1 P o s t - s e a l  ex te rna l  v i sua l  inspection.  
a ,  Inspection l eve l  (e. g . ,  100 p e r c e n t  inspect ion,  e tc . )  
b, Magnification (e. g . ,  20 X binocular  m ic ro scope ,  e tc . )  
c ,  Workmanship  (e. g . ,  bent ,  twis ted ,  o r  nicked l e ads ;  dents ,  c r a c k s ,  
o r  s c r a t c h e s  in  package ba se  o r  l id ;  so lde r  sp l a shes  o r  s m e a r s ;  
excess ive  weld flow o r  spikes ;  l id t i l ted,  warped,  o r  misa l igned ;  
c r a c k s ,  pinholes,  voids ,  bulges ,  o r  o the r  i r r e g u l a r i t i e s  in so lde r  
f i l let ;  etc.  ) 
10, 8. 2 Hermet ic i ty  (e. g. , all packages  sha l l  have a m e a s u r e d  l e ak  r a t e  l e s s  
than 5 x l o e 7  a tmosphe re s  c c / s e c . ,  e t c . )  
10, 8, 3 Sealing (e. g . ,  p r i o r  to the actual  seal ing operat ion,  5 dummy pack-  
ages sbal.1 be sealed,  v isual ly  examined and  leak  t es ted ,  f a i lu re  of any p a r t  
shal l  be c ause  f o r  rea l ignment  o r  read jus tment  of the welding e l ec t rodes ;  etc.  ) 
10, 8, 4 Rework (e. g. , any package not  mee t ing  the v i sua l  c r i t e r i a  o r  l eak  
sa te  r equ i r emen t  i s  r e s e a l e d  and r e t e s t ed ;  e tc . )  
10, 9 Demonstra t ion of Package  Sealing and  Leak  Tes t ing  
F o r  e ach  combination of package type, seal ing m a t e r i a l ,  and seal ing 
method to be ce r t i f i ed ,  the manu fac tu r e r  sha l l  demons t r a t e ,  us ing documented 
procedures ,  the package sealing operation and controls used including 
p re -  seal  baking (if applicable) and both fine and g ross  leak testing. A t  least 
10 packages of each  combination shall  be sealed, leak tested, and visually 
inspected under 2 0  X magnification. No m o r e  than 2 packages shall fail the 
leak t e s t s  o r  visual examination. All failed packages must  be reworked, 
leak tested, and visually examined without failure. 
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